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51. Steroid Hormones in Plant Development. J. Chory. Howard
Hughes Medical Institute, Plant Biology Laboratory, The Salk
Institute, La Jolla, California 92037.
Brassinosteroids are a class of plant hormones that induce a
road spectrum of responses, such as stem elongation, pollen tube
rowth, leaf bending and epinasty, root growth inhibition, and
ylem differentiation. We are taking a combined genetic, biochemi-
al, and molecular approach in the reference plant, Arabidopsis, to
identify components of the brassinosteroid signal transduction
pathways. A class of mutants that we study show many character-
istics of light-grown plants even when grown in complete darkness.
We have recently shown that these mutations define genes in-
volved in brassinosteroid biosynthesis, metabolism, or signaling. A
transmembrane receptor serine/threonine kinase, BRI1, functions
as the receptor for brassinosteroids. Binding of the steroid requires
the extracellular domain of BRI1 and induces its autophosphoryla-
tion. The signal transduction pathway from BRI1 involves both
novel and known proteins and is branched. One branch controls
rapid changes in the rate of cell elongation through regulated
assembly of the V-ATPase, while the second branch involves
changes in gene expression which control cell expansion and other
processes. The complex interactions between light, auxin, and
steroid signaling in regulating Arabidopsis development will be
discussed.
2. PDGF Signaling in Mouse Development. P. Soriano. Program in
Developmental Biology, Division of Basic Sciences, Fred
Hutchinson Cancer Research Center, Seattle, Washington
98109.
Growth factors are involved in controlling cell proliferation and
survival, as well as migration along extracellular matrices or
guidance by chemotactic or repulsive cues underlying normal
development. Among the best understood growth factor regulated
pathways are those mediated by receptor tyrosine kinases. How-
ever, the relative role of individual signaling pathways activated in
response to growth factors has not been fully elucidated in vivo. We
have chosen, as a model system, to study the receptors for platelet
derived growth factors (PDGFs). Loss of function studies in the
mouse have indicated a role for these factors in vascular smooth
muscle cells, in the kidney, cranial and cardiac neural crest cells,
and in somite patterning. To elucidate the importance of individual
signaling pathways in mediating PDGF responses, we have gener-
ated allelic series at the PDGFRa and PDGFRb loci in which
ocking sites for various effectors (PI3K, PLCg, RasGAP, SHP-2,
and Src) have been mutated. Loss of one or several docking sites
leads to hypomorphic mutations of increasing severity. These
results might help distinguish between qualitative or quantitative
models for signaling modules in mediating growth factor responses.
Phenotypic rescues resulting from kinase domain swaps between
the two receptors will be discussed as they relate to the origin of
receptor specificity.
3. Abstract #3 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
1724. Genetic Dissection of Epithelial Branching and Oxygen Re-
sponse Pathways in Drosophila. E. Johnson, S. K. Chiu, J.
Jarecki, and M. A. Krasnow. HHMI, Stanford University Medical
School, Stanford, California 94305-5307.
Many organs consist of branching networks of epithelial or
endothelial tubes. The branching pattern and size of branches are
critical for their transport functions, but the mechanisms control-
ling these properties are not well understood. We are using genetic
and genomic approaches to elucidate the developmental programs
that govern branching morphogenesis of the Drosophila tracheal
respiratory) system, a ramifying network of 10,000 epithelial tubes
hat delivers oxygen to the tissues. These studies have begun to
eveal the cellular and molecular processes that induce sprouting
nd guide outgrowth of tracheal branches and dictate tube size and
tability. An FGF ligand guides the migrations of the tracheal
pithelium as it grows out and assembles into primary branches.
ells at the ends of the primary branches are induced to express
econdary and terminal genes, and go on to form secondary and
erminal branches. Terminal branch outgrowth is controlled by the
ame FGF ligand, but this later expression of the ligand is not
ard-wired but instead regulated by oxygen. We will describe
rosophila oxygen response pathways, including two oxygen-
egulated transcription factors, and the cellular events they control
o insure migration of air-filled tracheal branches to oxygen-poor
egions.
. BMP- and Sog-Dependent Thresholds of Smad Activation during
Drosophila Dorsal–Ventral Patterning. L. A. Raftery and D. J.
Sutherland. Massachusetts General Hospital/Harvard Medical
School, Charlestown, Massachusetts 02129.
The dorsal ectoderm of the early Drosophila embryo is pat-
terned by a morphogen gradient of BMP signaling, with peak
signal levels required to induce the dorsal-most fate of amnio-
serosa. Two BMP ligands are required, Dpp and Screw. Ventral
ectoderm expression of the BMP antagonist Sog is required to
limit the domain of dorsal fates. Because Smad proteins trans-
duce the BMP signal to the nucleus, the spatial and temporal
patterns of BMP signal output can be assayed through immuno-
fluorescence detection of activated Smads. We use two such
assays, one to detect accumulation of phosphorylated R-Smad
Mad and the other to detect nuclear accumulation of the
co-Smad Medea. Three distinct thresholds of signal output were
detected along the dosal-ventral axis at stage 7. Peak output was
detected in the presumptive amnioserosa; both phospho-Mad
and high nuclear accumulation of Medea were detected. This
peak diminished rapidly over 2 to 3 cells, to a dorso-lateral
domain where phospho-Mad was not detected, but low levels of
Medea accumulated in the nucleus. In the presumptive ventral
ectoderm, neither output was detected. The dorsal stripe of peak
output required both Dpp and Screw ligands, whereas low Medea
nuclear accumulation could occur in the absence of Screw. The
BMP antagonist Sog was required to reduce the level of output in
ventral and lateral domains. Strikingly, Sog was necessary for
the peak response as well. In sum, the thresholds for dorsal-
0012-1606/01 $35.00
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173SDB Meeting Abstractsventral patterning are implicit in the levels of activated Smads,
which are determined by both BMP ligands and Sog.
6. A Nodal Allelic Series in the Mouse. Dominic P. Norris and
Elizabeth J. Robertson. Department of Molecular and Cellular
Biology, Harvard University, 16 Divinity Avenue, Cambridge,
Massachusetts 02138.
Nodal, a TGFb signaling molecule, is required in the early
mouse embryo for anterior specification, primitive streak forma-
tion and has been strongly implicated in left/right determination.
Consistent with this function nodal expression is seen in the
primitive visceral endoderm (VE) prior to gastrulation; in the
epiblast both prior and subsequent to the initiation of gastrulation;
in the periphery of the node; and asymmetrically in the left lateral
plate mesoderm (llpm) between the 3 and 6 somite stages. Previ-
ously we identified a node specific and an intronic enhancer,
together recapitulating all four expression domains of nodal (Norris
and Robertson, 1999). The intronic enhancer contains putative
FAST binding sites (responsive to TGFb/activin/nodal signaling),
likely reflecting autoregulation of the locus. We have now mapped
additional enhancers driving nodal expression. We propose a model
whereby one enhancer initiates asymmetric expression which is
potentiated by the intronic enhancer previously described. We have
deleted the intronic enhancer by homologous recombination. Anal-
ysis of an allelic series reveals effects of nodal signaling on both the
initiation and maintenance of gastrulation and on the establish-
ment of left/right asymmetry.
7. Nodal Signals to Smads through Cripto-Dependent and Cripto-
Independent Mechanisms. M. Whitman and C-Y. Yeo. Harvard
Medical School, Boston, Massachusetts 02115.
Nodal ligands are essential for the patterning of chordate em-
bryos. Genetic evidence indicates that EGF-CFC factors are re-
quired for Nodal signaling, but the molecular basis for this require-
ment is unknown. We have investigated the role of Cripto, an
EGF-CFC factor, in Nodal signaling. We find that Cripto interacts
directly with the type I receptor ALK4, but not other Type I TGFb
receptors, via the conserved CFC motif in Cripto. Cripto interac-
tion with ALK4 is necessary both for Nodal binding to the
ALK4/ActR-IIB receptor complex, and for Smad2 activation by
Nodal. In addition to characterizing the mechanism by which
Nodal signals through Cripto, we have also found that Nodal can
inhibit BMP signaling by a novel, Cripto-independent mechanism.
This inhibitory effect of Nodal is as potent as its ability to activate
Smad2 signaling, and appears to be mediated by intracellular
hetero-dimerization between Nodal and BMPs. The affinity of
Nodal for BMP7 in dimerization is equal to the affinity of Nodal for
itself, indicating that these molecules are likely to heterodimerize
in tissues where they are expressed at similar levels in vivo.
Heterodimerization of Nodal and BMPS inhibits both Nodal and
BMP signaling, raising the possibility that direct BMP antagonism
of Nodal signaling by heterodimerization may also be an important
regulatory mechanism. The implications of these observations for
current models of early embryonic patterning by TGFb superfamily
signals will be discussed.
8. Noncanonical Frizzled Signaling and Epithelial Planar Polarity
Establishment. Marek Mlodzik,* Gishnu Das,* Konstantin
Gaengel,* Andreas Jenny,* Anke Krauss,* Ursula Weber,* Dan g
Copyright © 2001 by Academic Press. All rightWeinstein,* Jun Wu,* Michael Boutros,† and Jozsef Mihaly.*
*Mt. Sinai School of Medicine, New York, New York 10029; and
†Harvard Medical School, Boston, Massachusetts.
Frizzled (Fz) receptors have been implicated in the reception of
diverse Wnt ligands during vertebrate and invertebrate develop-
ment. Wnt-Fz signals can induce changes in gene expression
mediated by b-catenin/TCF controlled transcriptional events (also
referred to as canonical Wnt signaling). In addition, recent evidence
has indicated that members of the Fz receptor family can also
signal through other intracellular pathways distinct from
b-catenin/TCF transcriptional regulation (non-canonical Wnt sig-
naling). In Drosophila, Fz and Fz2 act as redundant receptors for Wg
during development by activating the canonical Wnt cascade. Fz, in
addition, organizes planar polarization of epithelial structures
through a small GTPase/JNK pathway. We are addressing how Fz
and Fz2 specifically activate these distinct signaling pathways, and
how the common Fz effector Dishevelled (Dsh) can transduce the
signal(s) into these distinct cascades. We find that Fz2 activates
canonical Wnt signaling, whereas Fz preferentially signals through
the non-canonical planar polarity pathway. Chimeric receptors
indicate that the critical domain for context-dependent signaling
specificity maps to the C-terminal cytoplasmic tail. Similarly,
different domains within Dsh are specifically required for the
different signaling outcomes. The context specific signaling fea-
tures of Fz and Dsh will be discussed.
9. Caenorhabditis elegans EGO-1 Functions in Germline Devel-
opment and RNAi. E. M. Maine, V. E. Vought, and J. Wasilenko.
Syracuse University, Syracuse, New York 13244.
The adult Caenorhabditis elegans gonad contains proliferating
nd differentiating germ cells arrayed in a linear fashion from
itotic germ cells at the distal end to mature gametes at the
roximal end. Germline development requires the coordinate regu-
ation of cell proliferation, sex determination, meiotic progression,
nd gamete formation. We originally identified ego genes in genetic
creens for enhancers of glp-1. GLP-1 is a Notch-type receptor that
ediates cell–cell interactions during somatic and germline devel-
pment. In the germ line, GLP-1 mediates a proliferative signal
rom the somatic distal tip cells to the distal germ cells. Interest-
ngly, most ego genes appear to function in differentiation as well
s proliferation. ego-1 encodes a member of the RdRP (RNA-
irected RNA polymerase) family that includes Neurospora QDE-1
nd Arabidopsis SDE-1/SGS-2. ego-1, qde-1, and sde-1/sgs-2 mu-
ants are defective in various forms of RNA silencing (post-
ranscriptional gene silencing) including RNA interference (RNAi;
go-1), quelling (qde-1) and cosuppression (sde-1/sgs-2). ego-1 mu-
ants are sterile with defects at various stages of development. For
xample, germ cells enter meiosis prematurely, consistent with a
ecrease in GLP-1-mediated signaling; some mitotic germ cells
rrest, suggesting a mitotic progression defect; early meiotic
rophase occurs slowly and oocytes contain desynapsed chromo-
ome pairs, as if chromosome pairing/recombination is abnormal;
nd oocytes are small and fail to take up yolk. We are taking
arious approaches to investigate the biological and biochemical
ole of EGO-1 to determine its distribution in the developing germ
ine and whether it is an RNA-binding protein. These experiments
ill be discussed. One possibility consistent with our current data
s that EGO-1 activity promotes, and perhaps coordinates, diverse
rocesses in the germ line to ensure the formation of functional
ametes.
s of reproduction in any form reserved.
174 Developmental Biology Volume 235, 200110. Jak STAT Signaling Controls Male Germline and Somatic
Stem Cell Fate in Drosophila. E. L. Matunis and N. Tulina.
Carnegie Institution of Washington, 115 West University Park-
way, Baltimore, Maryland 21210.
Stem cells produce daughters that remain stem cells, and others
that differentiate. Extracellular cues are crucial for stem cell
function in many systems, but identifying stem cells and the
factors regulating them in vivo is challenging. We use Drosophila
spermatogenesis as a model system since we can locate the stem
cells, and genetically identify regulatory molecules. In this system,
5–9 germline stem cells attach radially around a cluster of about 12
quiescent somatic cells called the hub. About a dozen somatic stem
cells also contact the hub. Both stem cell types divide asymmetri-
cally, producing cysts of differentiating cells that are displaced
away from the hub, suggesting that the hub may signal to nearby
cells. Interestingly, the ligand Unpaired, which activates the highly
conserved Jak-STAT (Janus Kinase-Signal transducer and activator
of transcription) signaling pathway, is localized to the hub. Fur-
thermore, loss-of-function mutations in Jak result in loss of germ-
line and somatic stem cells, indicating that signaling maintains
stem cell fate or viability. Also, germline stem cells null for STAT
can produce differentiating daughter cells, but cannot maintain
stem cell fate. Finally, ectopically activating Jak-STAT in testes
produces ectopic cells with germline and somatic stem cell char-
acter. We conclude that Jak-STAT instructs stem cell fate, rather
than maintains cell viability. Thus, we propose that the hub
defines a stem cell niche, wherein localized activation of the
Jak-STAT pathway instructs the self-renewal of germline and
somatic stem cells.
11. Abstract #11 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
12. Multiple Signaling Pathways Contribute to Patterning and
Morphogenesis of the Drosophila Egg. C. A. Berg, J. Dorman, R.
French, S. Jackson, K. James, J. Schnorr, M. Terayama, D. Tran,
and E. Ward. University of Washington, Seattle, Washington
98195-7360.
Anteroposterior and dorsoventral patterning of the Drosophila
egg is established through two temporally distinct EGF signaling
processes involving germline cues to overlying follicle cells. Sub-
sequent events within the follicle cells amplify and refine the
initial signal and trigger a set of cell movements required for
synthesis of various eggshell structures. Genetic and molecular
data demonstrate that a suite of HMG box transcription factors
encoded by the bullwinkle (bwk) complex regulates A/P, D/V, and
terminal patterning in the egg and embryo. Bwk also affects an
additional germline signal, downstream of the early EGF events, to
regulate the movement of the cells that shape the eggshell. Eleven
other novel signaling and cytoskeletal components, identified
through interactions with Ras, contribute to the regulation of these
late events in the morphogenesis of the egg. Time-lapse imaging of
egg chambers developing in culture reveals five specific phases of
follicle cell movement and suggests specific stages at which these
regulatory molecules affect the patterning and morphogenesis
processes.
13. Identifying Caenorhabditis elegans GLH Partners by Yeast
Two-Hybrid Assays. P. Smith, A. Leung-Chiu, L. Mutapcic, R.
Copyright © 2001 by Academic Press. All rightMontgomery, and K. Bennett. University of Missouri, Colum-
bia, Missouri 65212.
Four germline-specific RNA helicases, GLHs, have been identi-
fied in the free-living soil nematode Caenorhabditis elegans. This
family of putative ATP-dependent enzymes is localized to the P
granules, which are nonmembranous, cytoplasmic complexes of
protein and RNA. P granules are potential determinants of germ-
line development, segregating with the germline precursor lineage
from the first embryonic cell division. The GLH proteins are
similar to the Drosophila melanogaster germline RNA helicase
VASA; however, the GLHs differ in having multiple CCHC zinc
fingers as well as multiple N-terminal, noncharged phenylalanine/
glycine-rich repeats. GLH-3 is unique among the GLHs because it
does not contain FGG repeats. Essentially complete sterility results
when GLH-1 and GLH-4 are eliminated by RNA interference
(RNAi) (Kuznicki et al., Development, 2000, 127, 2907). To study
the relationships of the GLHs with other proteins, two libraries
were screened by the yeast two-hybrid method, using GLHs as bait.
Three C. elegans proteins have been identified; along with two-
hybrid interactions, these proteins bind GLHs in GST pulldown
assays. Ongoing tests consider their function in P granules and in
germline development. The GLH binding partners include: (1)
KGB-1, a novel putative kinase that GLHs bind, most closely
related to the serine/threonine JNK (Jun N-terminal kinase) MAP
kinase family. We generated a KGB-1 deletion strain; it has a
temperature-sensitive sterile phenotype. (2) ZYX-1, a LIM domain-
containing protein most related to vertebrate zyxin. Antibodies
reveal that ZYX-1 is a component of P granules. (3) COP-9/JAB-1,
closely related to subunit 5 of the cell’s signalosome complex,
conserved in plants and animals. COP-9 RNAi results in worms
with small gonads and no oocytes, similar to those produced with
GLH-1/4 RNAi.
14. Role of Transvection in X-Inactivation. Y. Marahrens, J. Sal-
strom, and S. Diaz-Perez. UCLA Department of Human Ge-
netics, Los Angeles, California 90095.
Early in mammalian female embryonic development, an uniden-
tified developmental signal causes heterochromatin to form along
nearly the entire length of one X chromosome. We generated Xist
knockout mice and showed that the X-linked Xist locus is required
in cis for X-inactivation in the extraembryonic tissue of females
(Marahrens et al., 1997). Analysis of the somatic cells of mutant
females indicated that the Xist mutation caused primary nonran-
dom X-inactivation (Marahrens et al., 1998). This was confirmed by
following the expression of an X-linked GFP gene through early
mouse development. We proposed that (1) the two Xist loci in
female cells physically associate with one another resulting in one
Xist allele being remodeled into heterochromatin and (2) that the
heterochromatic Xist locus physically interacts with heterochro-
matic LINE elements dispersed throughout the X chromosome
stimulating heterochromatin to spread from LINE sequence out-
ward into unique sequence until the entire X chromosome is
transcriptionally inactivated (Marahrens, 1999). Xist–LINE interac-
tions may allow the Xist RNA, which is required for heterochro-
matin formation, to be transferred to distant chromosomal regions.
More recently, we have been examining the phenotype caused by a
Xist deletion on the active X chromosome. At the chromosomal
level we have been examining the replication timing, stability of
gene silencing, and chromatin structure. We have also been char-
acterizing the phenotype of embryos of Xist1/2 mothers. Our
results indicate that a Xist deletion in the nontranscribed allele of
s of reproduction in any form reserved.
i
d
t
e
m
C
C
R
r
R
p
a
S
p
a
n
t
r
1
s
a
p
(
c
m
K
w
a
a
c
g
K
n
c
d
t
H
d
s
a
B
n
w
1
s
w
s
m
p
a
s
a
t
P
e
t
w
c
a
e
m
t
i
175SDB Meeting Abstractsthe active X chromosome causes the chromatin structure through-
out the entire inactive X chromosome to be altered. This appears to
result in a destabilization of gene silencing in adult females
resulting in growth retardation of their embryos when they are
pregnant. Our results can only be explained by a transvection-based
mechanism.
15. Molecular Mechanisms Regulating Migration and Adhesion of
Epithelial Sheets in the Caenorhabditis elegans Embryo. J.
Hardin, M. Koppen, P. Sims, C. Thomas, C. Lockwood, and J.
Simske. University of Wisconsin, 1117 West Johnson Street,
Madison, Wisconsin 53706.
Ventral enclosure of the epidermis in the Caenorhabditis el-
egans embryo is an excellent example of epithelial sheet sealing.
Enclosure involves at least three steps: (1) onset of migration
(starting); (2) adhesion and cessation of migration (stopping); and (3)
strengthening of nascent junctional connections (sealing). The
inositol triphosphate receptor ITR-1 is involved in starting; muta-
tions in itr-1 result in defects in leading edge migration. Stopping
involves “filopodial priming”—rapid, cadherin-dependent adhe-
sion between migrating epithelial cells, an event that also occurs in
mammalian and Drosophila epidermal epithelia. Sealing requires
the construction of a multilayered junctional complex between
epithelial cells, including the novel, conserved four-pass protein
encoded by the vab-9 locus and the novel, coiled-coil protein
JAM-1. Loss of JAM-1 results in junctional lesions; the Discs large
homologue, DLG-1, physically interacts with JAM-1 and is re-
quired for its deposition. Simultaneous loss of both VAB-9 and
JAM-1 results in ruptured embryos, suggesting that junctional
integrity requires protein complexes at different apical–basal posi-
tions within embryonic junctions.
16. Differential Roles of Rac GTPases in Axon Pathfinding and
Cell Corpse Phagocytosis in Caenorhabditis elegans. Erik A.
Lundquist,* Peter Reddien,† Erika Hartwieg,† H. Robert Hor-
vitz,† and Cornelia I. Bargmann.‡ *Department of Molecular
Biosciences, University of Kansas, Lawrence, Kansas 66045;
†Howard Hughes Medical Institute, Department of Biology,
MIT, Cambridge, Massachusetts 02139; and ‡Howard Hughes
Medical Institute, Department of Anatomy, UCSF, San Fran-
cisco, California 94143.
Using genetic and molecular analyses, we show that three
Caenorhabditis elegans rac genes are redundantly required for
axon pathfinding in vivo: loss of function of more than one rac gene
s required to perturb axon pathfinding. Axon defects caused by
ominant, constitutively active Rac molecules mimic the syn-
hetic loss-of-function defects, indicating that dominant Rac mol-
cules might interfere with the activities of other redundant Rac
olecules and not with the other Rho-family GTPases Rho and
dc42. In contrast to Rac redundancy in axon pathfinding, one Rac,
ED-10, is required for the phagocytosis of apoptotic cell corpses.
AC-2 and MIG-2, the other C. elegans Rac-like molecules, are not
equired for phagocytosis. UNC-73 Trio, a GTP exchange factor for
ac, acts with all three Racs in axon pathfinding but has no role in
hagocytosis. In contrast, CED-5 DOCK180, another Rac regulator,
cts with CED-10 in phagocytosis but not in axon pathfinding.
trikingly, CED-5 acts redundantly to CED-10 in axon pathfinding,
ossibly in the MIG-2 pathway. These data indicate that Racs can
ct in different signaling complexes to mediate distinct morphoge-
etic events and that Rac redundancy in axon pathfinding involves P
Copyright © 2001 by Academic Press. All righthree redundant Rac pathways rather than a simple substitutional
edundancy of the Racs themselves.
7. Genetic Control of Convergent Extension Movements during
Zebrafish Gastrulation. L. Solnica-Krezel, J. Topczewski, D.
Sepich, D. Myers, F. Marlow, and J. Jessen. Department of
Biological Sciences, Vanderbilt University, Nashville, Tennes-
see.
In the vertebrate gastrulation movements of convergent exten-
ion (CE) the entire embryo and most organ rudiments narrow
long the mediolateral axis while extending their anterior–
osterior dimension. Concurrently, a Bone morphogenetic proteins
Bmps) activity gradient establishes cell fates. To determine how
ell fates and CE movements are coordinated we analyzed zebrafish
utants in which CE movements are defective. Mutations in
nypek (kny) gene impair CE movements early in gastrulation,
ithout significantly influencing cell fates. CE defects are associ-
ted with abnormal cell polarity, as mutant cells fail to elongate
nd align mediolaterally. Positional cloning reveals that kny en-
odes a member of the glypican family of heparan sulfate proteo-
lycans. Double mutant and overexpression analyses show that
nypek potentiates Wnt11 signaling mediating CE via a nonca-
onical signal transduction cascade. By analyzing movements of
ell populations in wild-type, ventralized chordino (chordin), and
orsalized somitabun (smad5) mutant gastrulae, we demonstrate
hat Bmp activity gradient specifies three morphogenic domains.
igh levels of Bmp inhibit convergence and extension ventrally,
ecreasing levels correlate with increasing convergence and exten-
ion, while dorsally, at low levels of Bmp activity, cells elongate
nd align mediolaterally, driving extension with little convergence.
mp may limit CE in ventrolateral regions of the gastrula through
egative regulation of genes required for this process, including
nt11.
8. Attraction, Active Migration, and Clustering of Zebrafish Pri-
mordial Germ Cells. G. Weidinger,* M. Ko¨prunner,* U.
Wolke,* C. Thisse,† B. Thisse,† and E. Raz.* *MPI for Bio-
physical Chemistry, Am Fassberg 11, 37077 Go¨ttingen, Ger-
many; and †IGBMC, BP163, 67404 Illkirch Cedex, Strasbourg,
France.
Migration of primordial germ cells (PGCs) from their site of
pecification toward the developing gonad occurs in distinct steps,
hich are controlled by interaction with somatic tissues. Here we
how that zebrafish PGCs actively migrate toward the lateral
esoderm of the anterior trunk to form bilateral clusters and we
rovide evidence that this region constitutes a signaling center that
cts in long range to attract PGCs. We found that the Wilm’s tumor
uppressor gene 1 (wt-1), a transcription factor required for kidney
nd gonad formation in mammals, is expressed in this tissue. Using
ime-lapse observation of live embryos expressing GFP in the
GCs, we show that PGCs actively migrate toward the wt-1-
xpressing region from medial and posterior positions. In mutants
hat have severe trunk mesodermal defects, the presence of the
t-1-expressing tissue is correlated with the formation of PGC
lusters. In live mutant embryos PGC cluster formation occurs by
ctive migration of ectopic anterior PGCs toward the wt-1-
xpressing area. Hence, PGCs migrate toward this region from
edial, posterior, and anterior positions, strongly suggesting that
hey are attracted by the wt-1-expressing tissue. The cells express-
ng wt-1 are fated to give rise to the nephron primordium, while the
GCs migrate toward more posterior regions during late somito-
s of reproduction in any form reserved.
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176 Developmental Biology Volume 235, 2001genesis. Thus, we provide evidence that the cells fated to form the
zebrafish nephron serve as a signaling center that attracts PGC to
regulate an intermediate step of their migration.
19. Regulation of Cell Migration during Drosophila Oogenesis. P.
Rorth. EMBL, Heidelberg, Germany.
Directed cell migration is important for many aspects of normal
nimal development, but little is known about how cell migrations
re guided or the mechanisms by which guidance cues are trans-
ated into directed cell movement. I will discuss evidence that
ignaling mediated by the Drosophila EGF receptor guides second,
orsally directed, phase of border cell migration. The TGFa-like
igand Gurken appears to serve as the guidance cue for this. I will
resent recent results on the identification of the ligands and the
eceptors that guide the first, posteriorly directed, phase of BC
igration. Evidence will be presented that the dorsal and posterior
uidance receptors work via a common pathway.
0. ephB1 Receptor and Ephrins Guide the Migration of Avian
Hindbrain Neural Crest. D. O. Mellott, D. Wang, and R. D.
Burke. University of Victoria, Victoria, British Columbia V8W
3N5, Canada.
Eph receptors and ephrins have been implicated in guiding the
igration of hindbrain neural crest cells. However, questions of
ow the receptors and ligands function in guiding migration
emain unresolved. RT-PCR with redundant primers and in situ
NA localization indicate that in avian embryos, streams of neural
rest destined for branchial arches II and III express the ephB1
eceptor. Localization of ligands with chimeric ephB1 receptors
ndicates that the pathways for branchial arch II and III neural crest
ells have lower levels of ligand than adjacent areas. In genetic
osaic embryos, in which neural crest cells destined for branchial
rch II or III express a dominant negative form of ephB1, cells
igrate into areas cranial or caudal to the normal pathway. To
urther test the avoidance model, we produced genetic mosaic
mbryos in which ectoderm and mesenchyme express elevated
evels of ephrin B2 in the pathways to branchial arch II and III. In
hese embryos, HNK-1-expressing cells deviate from the normal
athway, avoiding regions expressing this ephB1 ligand. From these
xperiments, we conclude that ephB1 on neural crest cells alters
ell behavior to exclude neural crest from regions in which head
esenchyme express the ephrin ligands.
1. A Neural-Crest-Derived Glial Lineage in the Zebrafish: Cou-
pling in Vivo Imaging and Genetic Analysis. D. T. Gilmour,
H. M. Maischein, and C. Nu¨sslein-Volhard. Max-Planck-
Institut fuer Entwicklungsbiologie, Spemannstrasse 35/III, Tu¨-
bingen D-72076, Germany.
Neural crest cells (NCCs) are a population of pluripotent cells
hat migrate from their birthplace at the dorsal neural tube to a
ide number of destinations in the developing embryo. The NCCs
hat become the glia of the PNS, unlike other crest, colocalize with
mbryonic structures that are also quickly moving during develop-
ent, namely, the axon bundles they ensheath. It is however
nclear whether the axons determine the final positions of the glia
r vice versa. By making transgenic zebrafish lines expressing GFP
nder the control of the zFoxD3 promoter we have been able to
ollow the migration of one subset of NC-derived glia in living
mbryos. These glia migrate as chains with the leading cells acting f
Copyright © 2001 by Academic Press. All rights “pioneers” during pathfinding. DiI labeling of their associated
xons shows that glia migration is tightly coupled to axon exten-
ion, with the pioneer glial cell apparently “riding” on the axon
rowth cone itself. We show that these GFP-labeled glia always
olocalize with extending axons even in mutants that strongly
ffect axon pathfinding, showing that the axons provide instructive
uidance cues necessary for the migration of this NCC lineage. We
ave isolated a group of mutants showing defects in neural crest
orphogenesis and we are currently investigating these pheno-
ypes in living mutant embryos expressing the zFoxD3 transgene.
his approach has allowed us to identify a mutant in which
CC-derived glia are no longer able to respond to axon-derived
uidance cues.
2. Human Embryo and Stem Cell Research: A View from Europe.
A. McLaren. University of Cambridge, Cambridge CB2 1QR,
United Kingdom.
Most European countries are keen to pursue stem cell research, in
rder to develop approaches for the treatment of degenerative diseases
nd for drug testing. For adult and fetal stem cells, few ethical issues
rise that are not inherent in any research use of human tissue.
mbryonic stem (ES) cell lines are thought to hold greater potential for
egenerative medicine and commercial application, since they are
luripotent but can also be maintained indefinitely in culture in a
table undifferentiated state; but since at present human ES cells can
nly be derived by the destruction of human preimplantation em-
ryos, the ethical acceptability of the research depends on what view
s taken of the moral status of the early embryo. This varies greatly
mong European countries. Some regard the human embryo as a
erson from conception onwards, so that research involving its
estruction would constitute murder and is prohibited. Some take a
ore gradualist approach and allow embryo research for certain
pproved purposes, particularly if the embryo would otherwise
erish and has been donated for research by a couple undergoing
VF treatment for infertility. Others are revising their laws in order
o facilitate the derivation of stem cells; others again have no laws
r regulations at present. In the United Kingdom, human embryo
esearch has never been illegal and has been regulated by law since
990. Parliament voted to allow research on either donated IVF
mbryos or embryos produced for a research project (this could
nclude embryos derived by somatic cell nuclear transfer), but only
or certain specified purposes which did not include research to
evelop methods of treating disease. This has recently been recti-
ed, so research on the derivation of embryonic stem cells for
egenerative medicine can go ahead, if the project is licensed by the
uman Fertilisation and Embryology Authority. The paper will
eview the latest situation of human embryo research in various
uropean countries, as well as summarising the position of the
uropean Commission and Council of Europe.
3. The Developmental Biology of Conjugation in Tetrahymena, a
Ciliated Protist. Eric S. Cole, Kathleen R. Stuart, Mark Virtue,
and Erica Zweifel. Biology Department, St. Olaf College,
Northfield, Minnesota 55057.
When Tetrahymena mate, they launch a 15-h developmental
rogram of five nuclear divisions, nuclear migration, exchange and
usion, and ultimately specification of three distinct nuclear fates
apoptosis, chromosome modification, and gene amplification or
ranscriptional silencing) all which occur concurrently within a
ommon cytoplasm. Evidence suggests that these diverse nuclear
ates and behaviors are controlled by microtubule-mediated trans-
s of reproduction in any form reserved.
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177SDB Meeting Abstractsport and anchoring to specific subcortical domains within the cell.
We have investigated these nuclear-cortical dialogs using such
diverse techniques as electrofusion (generating live parabiotic
chimeras), classical genetics (generating a panel of 13 mutations
that disrupt unique steps within the conjugal program), drug
treatments (studying the effects of microtubule disruption and
DNA synthesis inhibitors), molecular genetics in collaboration
with Drs. D. Romero (University of Minnesota) and K. Kirk (Lake
Forest College) studying targeted gene mutations in the Rad51 and
telomerase genes, respectively, and fluorescence confocal micros-
copy. We are interested in mapping conventional meiosis and
cell-cycle control mechanisms onto the program of Tetrahymena
conjugation and exploring how nuclear-cortical associations help
regulate developmental decisions affecting nuclear fate.
24. The Dynamic Cell Wall of Acetabularia. E. Dunn,* R. Frois-
land,* M. E. Moffet,* S. Mehri,* N.Carpita,† X. Huang,‡ R.
Kline,‡ A. Mackay,‡ M. Madison,† I. Taylor,‡ Z. Yang,§ G.
Odell,* and D. Mandoli.* *University of Washington; †Purdue
University; ‡University of British Columbia; and §University
of California Riverside.
A dynamic cell wall is essential to produce the morphological
hanges requisite to development of Acetabularia acetabulum.
ence, development cannot be understood without knowledge of
he structure, chemistry, and dynamics of its cell wall. Typical of
he “mannan weeds,” A. acetabulum makes a mannan cell wall
uring its diplophase but a cellulosic wall during haplophase. We
ypothesize that different morphological regions will have a differ-
nt chemical composition. Analyses of the sugar composition and
ethylation combined with solid-state broadline proton NMR
nalysis for amino acids suggest that this cell wall is primarily
annose with a normal amino acid content. To analyze cell wall
rchitecture, we dissected morphological regions and then treated
hese regions with weak acids and bases that sequentially dissolve
pecific chemical bonds in the cell wall. The diploid wall begins to
all apart when H-bonds are broken with 4 M KOH. Fourier
ransform infrared spectroscopy determines the chemical bonds
roken by these reagents and consequently the structures associ-
ted with these bonds. We are using PCR with degenerate primers
o determine whether A. acetabulum makes rho GTPase and
xpansins, proteins involved in plant cell wall growth and morpho-
enesis. This unicell can be grafted to other individuals and the cell
all at the graft junction heals completely. We are visualizing wall
ealing with time-lapse movies. We will present the results of our
rotein search and select frames from the graft-healing movies.
5. Morpholino Antisense-Mediated Depletion of SpRunt-1
Causes Mitotic Abnormalities and Late-Cleavage-Stage Arrest
in Sea Urchin Embryos. J. A. Coffman, S. J. Morris, and C. W.
Thurm. Stowers Institute for Medical Research, Kansas City,
Missouri 64110.
SpRunt-1 is a sea urchin transcription factor of the runt-domain
amily, which also includes Drosophila runt and vertebrate runx
enes. SpRunt-1 was initially discovered through its function as an
ctivator of the CyIIIa actin gene during embryogenesis of Strongy-
ocentrotus purpuratus. To find other functional roles played by
pRunt-1 in embryogenesis, we have injected S. purpuratus eggs
ith morpholino antisense oligonucleotides that block SpRunt-1
ranslation, leading to depletion of SpRunt-1 protein in the embryo.
evelopment of SpRunt-1-depleted embryos is arrested at lateleavage stage, just prior to or during the transition to blastula
c
c
Copyright © 2001 by Academic Press. All righttage. Confocal laser scanning microscopy reveals that the cause of
he arrest is a massive failure of mitosis. In cells of arrested
mbryos chromosomes condense but do not segregate. In some
ases cytokinesis nevertheless occurs, leading to the formation of
ell pairs conjoined by unsegregated chromatin. Potential mecha-
isms that underlie this phenotype are being explored and will be
iscussed.
6. Incorporation of Wheat Germ Agglutinin into the Calcitic
Spicule of Developing Sea Urchin Embryos. N. M. Mozingo.
Department of Zoology, Miami University, Oxford, Ohio
45056.
Wheat germ agglutinin (WGA) is a lectin that has previously
een shown to bind specifically to primary mesenchyme cells
PMCs) in sea urchin embryos. PMCs are skeletogenenic producing
calcareous endoskeleton in the developing larvae. The PMCs
orm a syncytial cavity in which spicule matrix proteins and
alcium are secreted forming the mineralized spicule. In this study,
ea urchin embryos were stained with fluorescently tagged WGA
WGA-FITC) and the redistribution of this lectin was examined
uring sea urchin development. When embryos were labeled with
GA-FITC at the midgastrula stage, fluorescence was associated
xclusively with the cell surface of primary mesenchyme cells and
ytoplasmic cords. However, by the prism stage the fluorescent
abel had redistributed. The stain was absent from the surface of
MCs and cytoplasmic cables and was now located in intracellular
ranules. At the pluteus larval stage, the stain had become local-
zed to a different region. At this stage the quantity of labeled
ntracellular granules appeared to be reduced; however, the spicule
tself appeared to be fluorescent. To determine if fluorescence had
een incorporated within the mineralized spicule, embryos were
reated with bleach which removes all organic material associated
ith the surface of the spicule. The resulting cleaned spicules
xhibited fluorescence indicating that fluorescently labeled lectin
ad been incorporated into the mineralized spicule. The results
rovide evidence for a cellular pathway in which material is taken
p at the cell surface, sequestered in intracellular vesicles, and then
eleased into the developing spicule.
7. The Role of the Cytoskeleton during Cytoplasmic Cap Forma-
tion and Early Cleavage in the Squid, Loligo pealei. K. Craw-
ford. St. Mary’s College of Maryland, St. Mary’s City, Maryland
20686.
Following fertilization of the squid egg cytoplasm streams to-
ard the animal cap to form a clear layer of cytoplasm where
eroblastic cleavage will occur. In this study, the mechanism of
ap formation following in vitro fertilization and artificial activa-
ion was investigated using immunocytochemistry, cold treat-
ent, and cytoskeletal inhibitors. Labeling embryos with antibod-
es specific to tubulin revealed that this protein is correlatively
elated to cytoplasmic streaming and cap formation following
ertilization or activation with 10 mg/ml calcium ionophore
A23187 (Molecular Probes). Cold exposure, placing culture dishes
on ice, inhibits cap formation and depending on the period of
exposure results in predictable inhibition of one or both maturation
divisions, inducing polyploidy, and in some cases inhibition of
first, second, or third cleavage. To determine whether microtubules
or microfilaments were selectively being affected by cold exposure,
in vitro fertilized eggs were treated with 10, 20, or 40 mg/ml
ytochalasin D to perturb microfilaments or 0.2, 0.4, or 0.8 mg/ml
olchicine to inhibit microtubules (both Sigma). Cytoplasmic cap
s of reproduction in any form reserved.
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178 Developmental Biology Volume 235, 2001formation was inhibited in all embryos treated with colchicine,
while embryos treated with cytochalasin D formed cytoplasmic
caps. These results suggest that the ordered movement of cyto-
plasm following fertilization in the squid is driven by a microtuble-
associated mechanism which may also be linked to cleavage
pattern. (This work was supported by a Research Opportunity
Award from the National Science Foundation to K.C.)
28. Withdrawn.
29. Abstract #29 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
30. Conserved Signals and Machinery for Asymmetric RNA Local-
isation in Drosophila Oocytes and Embryos. S. L. Bullock and
D. Ish-Horowicz. Imperial Cancer Research Fund, London
WC2A 3PX, United Kingdom.
A variety of transcripts accumulate exclusively apically of nuclei
n the Drosophila syncytial blastoderm embryo. Injection of fluo-
escently labeled transcripts into embryos has demonstrated that
his process occurs by rapid microtubule-dependent transport (Lall
t al., Cell 98, 171–180). We have used this injection assay to map
recisely the cis-acting sequences that mediate transcript localisa-
ion. We have mapped the minimal localisation signals of Drosoph-
ila melanogaster fushi tarazu and hairy pair-rule transcripts to 205
and 124 nucleotides, respectively. These signals are sufficient to
direct apical localisation of reporter transcripts. We have examined
the structural basis of the hairy localisation signal in detail, by
making internal deletions and by randon mutagenesis and also by
studying its sequence conservation in five divergent Drosophila
species. These strategies have generated candidate secondary struc-
tural models which we are testing by rationally designed muta-
tions. We also find that several maternal transcripts which localise
asymmetrically during oogenesis localise specifically apically in a
microtubule-dependent manner upon injection into the blastoderm
embryo. The same localisation signals are responsible for both
transcript export from nurse cells to the oocyte and apical transport
in the blastoderm embryo. Indeed, fushi tarazu transcripts localise
to the anterior oocyte if expressed during oogenesis. We have used
this commonality of localisation systems to identify proteins
which are required for RNA localisation during oogenesis as
components of a selective RNA-binding complex which drives
transcript localisation in the blastoderm.
31. Cytoskeleton Networks Affect Cdk1–Cyclin B Activities in
the Syncytial Drosophila Embryo. J. Y. Ji, C. Trusty, C. Beach,
and G. Schubiger. Department of Zoology, Box 351800, Uni-
versity of Washington, Seattle, Washington 98195.
Cdk1 regulates and coordinates both chromatin and cytoskel-
eton dynamics so that chromatids can separate and cells can divide
properly. We reported that Cdk1 negatively regulates microtubule
mass in vivo. While increasing Cdk1 is not lethal and animals
urvive to adult, we observed abnormalities at the blastoderm
tage. We used this sensitized phenotype in a genetic screen to find
ormal blastoderm (suppressor) and more abnormal blastoderm
enhancer). Not surprisingly, we identified cdk1 and cyclin A as
uppressors because their products are components if the Cdk1
omplex. We also identified Arp1 (actin-related protein), chickadee
profilin), quail (villin-like), and scrambled as suppressors. We a
Copyright © 2001 by Academic Press. All rightfound that reducing maternal Arp1 and chickadee gene copy led to
lower Cdk1 activity, which could explain why altering microfila-
ments affects microtubules. Surprisingly, we found that lowering
two other genes that encode proteins specifically regulating and
interacting with microfilaments, quail and scrambled, also reduce
Cdk1 activity and restore microtubule morphology. These results
suggest that microfilaments negatively regulate Cdk1 activities.
However, it is not clear whether this feedback is microtubule
dependent or not.
32. Rho1 Is Required for Localization of Adherens Junction Com-
ponents during Drosophila Development. Craig R. Magie,
Delia Pinto-Santini, and Susan M. Parkhurst. Division of Basic
Sciences and Program in Developmental Biology, Fred
Hutchinson Cancer Research Center, Seattle, Washington
98109.
Rho GTPases have been shown to be important regulators of
cellular behavior through their effects on a variety of processes,
including actin cytoskeletal rearrangement, transcriptional activa-
tion, and regulation of cell adhesion. Mutations in the Drosophila
RhoA homolog, dRho1, indicate a requirement for Rho at multiple
times in development in morphogenetic processes such as cell
movements and shape changes, as well as in segmentation. The
mechanisms that underlie these effects are not clear. One factor
that has been shown to be important in cell culture experiments,
however, is subcellular localization, as some Rho functions are
compromised by mutations that prevent its recruitment to the
plasma membrane. We are using a monoclonal antibody that
specifically recognizes dRho1 to investigate this aspect of Rho
function during development. We find Rho to be ubiquitously
expressed at a low level in the cytoplasm of all cells, but it
accumulates apically, particularly at sites of cadherin-based adhe-
rens junction formation in both the embryo and the ovary. We also
find cadherin distribution to be aberrant in dRho1 mutants, sug-
gesting a role for Rho in regulating cadherin localization during
development. We find that Rho1 interacts directly in vitro with
120ctn and a-catenin, components of adherens junction com-
lexes, suggesting a novel mechanism whereby Rho1 could be
ecruited to its sites of action.
3. Characterization of a Novel Dominant Allele of the Roughest-
Irregular Chiasm C Gene Shows Its Requirement for Pigment
Cell Fate Determination in the Drosophila Retina. S.
Octacı´lio-Silva, H. Arau´jo, L. C. H. Machado, and R. G. P.
Ramos. Ribeira˜o Preto Medical School, Ribeira˜o Preto, 14049-
900, SP, Brazil.
Patterning and differentiation of eye cell types of the Drosophila
elanogaster occurs sequentially within an epithelial
onolayer—the eye-antennal disc. One of the final events in this
rocess is the elimination of surplus cells by programmed cell
eath. The best characterized among the loci involved in this final
atterning event is roughest-irregular chiasm C (rst-irreC), which
ncodes a transmembrane glycoprotein belonging to the immuno-
lobulin superfamily. Mutations in this gene cause defects in the
ave of programmed cell death during the pupal stage leading to
he presence of extra secondary and tertiary pigmentary cells and
rough” eyes. Here we present evidence, based on the phenotype
nd molecular characterization of rstD, a novel dominant allele of
st-irreC, and its revertants, that the precise temporal and spatial
xpression of this gene is also a necessary requeriment for second-
ry and tertiary pigment cell fate specification.
s of reproduction in any form reserved.
o179SDB Meeting Abstracts34. Steroid Regulation of Programmed Cell Death during Drosoph-
ila Development. Cheng-Yu Lee, Claudio R. Simon, and Eric H.
Baehrecke. CAB, UMBI, University of Maryland, College Park,
Maryland 20742.
We are utilizing destruction of Drosophila larval salivary glands
as a model to study steroid regulation of stage- and tissue-specific
biological responses during animal development. Twelve hours
following the onset of metamorphosis, a pulse of the steroid
hormone 20-hydroxyecdysone (ecdysone) triggers the rapid and
synchronous death of salivary gland cells. The evolutionarily
conserved apoptotic core machinery involving caspases is imple-
mented during this process. However, dying salivary gland cells
exhibit characteristics of a morphologically distinct form of phys-
iological cell death known as autophagy. While the ecdysone-
regulated EcR, b FTZ-F1, BR-C, and E74 are required for salivary
gland death, their pleiotropic functions indicate that other genes
must exist to specify the death response. The competence factor b
FTZ-F1 is necessary and sufficient to confer the stage specificity of
salivary gland death, which requires the steroid-regulated E93 gene.
E93 functions as a novel cell death regulator that is only expressed
in dying cells. E93 loss-of-function mutant salivary glands fail to be
destroyed. These mutant glands possess reduced cell death gene
mRNA levels including the Ced-4/Apaf-1 homolog ark, the caspase
dronc, and the mammalian CD36 relative croquemort (crq). Ex-
pression of E93 induces apoptosis, but requires the function of cell
death genes reaper (rpr), head involution defective (hid), and grim
to elicit nuclear apoptotic changes such as DNA fragmentation. In
the absence of these genes, E93 expression is sufficient to trigger
cell removal. Recent progress in understanding the molecular
mechanisms of steroid regulation of programmed cell death during
development will be discussed.
35. Transcription Factors E75 and MHR3 Display a Mosaic Re-
sponse to Rising Titers of Ecdysone in Manduca Epidermis.
R. E. Langelan, K. Hiruma, and L. M. Riddiford. Department of
Zoology, University of Washington, Box 351800, Seattle,
Washington 98195-1800.
The ecdysone-induced transcription factors E75 and MHR3 are
shown to appear during the larval molt in a pattern-specific manner
in the abdominal epidermis of the tobacco hornworm, Manduca
sexta. Monoclonal antibodies generated against Manduca proteins
(the ecdysone receptor (EcR-B1), E75A, and E75Common), a poly-
clonal antibody against MHR3, and one against the Drosophila
USP protein were used in immunocytochemistry to characterize
the distribution of these proteins during the larval molt. In re-
sponse to rising titer of the molting hormone, 20-hydroxyecdysone
(20E), the crochet epidermis that forms the hooked setae on the
proleg is the first to express MHR3 and E75 proteins, followed
sequentially by the spiracle, the dorsal intersegmental annuli, the
interannular regions, and finally the trichogen and tormogen cells.
This pattern is consistent with the gain of independence from the
prothoracic glands during the larval molt that occurs earlier in the
molting process. The ecdysone receptor complex (EcR-USP) is
present in all of these tissues at the outset of the molt and therefore
is not a determining factor in these responses. In vitro studies with
20E showed that there are three differences in the MHR3 response
between the crochet epidermis and the dorsal abdominal epider-
mis: the sensitivity, the timing of appearance, and the need for
protein synthesis for full RNA expression. These results suggest
Copyright © 2001 by Academic Press. All rightthat region-specific factors govern sensitivity of response as well as
timing of responsiveness to 20E. (Supported by NSF IBN 98-17339.)
36. Spindle Rotation in the Early Caenorhabditis elegans Embryo.
A. J. Wright and C. P. Hunter. Harvard University, Cambridge,
Massachusetts 02138.
We have isolated a genetic mutant that fails to undergo spindle
rotations required for correct cell division orientation in the
Caenorhabditis elegans embryo. Spindle rotations normally occur
in the P0, P1, EMS, P2, and P3 blastomeres of the early emnbryo
and act to ensure that the subsequent cell division results in
segregated cell fate determinants being separated to the correct
cells. This process is thought to occur by the capture of astral
microtubules radiating from the centrosome by a protein complex
associated with the cell membrane. A motor protein in the com-
plex then pulls the centrosome toward the cell cortex causing a
rotation of the centrosome/nuclear complex. PAR proteins, which
are asymmetrically localized and confer A-P polarity to the early
embryo, may act upstream to control the rotation decision. The
mutant we isolated, qt1, fails to undergo spindle rotation events in
P0, P1, and EMS. Rotations in P2 and P3 have not been completely
evaluated. Tubulin antibody staining shows that, excepting their
orientation, spindles are wild type. P granule, PAR-2, and PAR-3
antibody staining is also wild type indicating that polarity is
correctly specified in qt1 mutant embryos. Thus the defect does
not result from gross abnormalities in spindle formation or a lack
of upstream polarity establishment. Perhaps the protein affected by
the qt1 mutation is a component of the machinery required to
generate the spindle rotation. Mapping of the mutation has local-
ized the affected gene to a 0.6mu region on the left arm of linkage
group III. We will present the results of experiments we have
performed to determine the effect of the qt1 mutation on the C.
elegans embryo as well as our mapping progress.
37. Abstract #37 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
38. Cell Cycle Control during Xenopus tropicalis Oocyte Matura-
tion. J-F. Bodart, D. Gutierrez, and N. Duesbery. Laboratory of
Developmental Cell Biology, Van Andel Research Institute,
Grand Rapids, Michigan 49503.
Xenopus tropicalis is an alternative to X. laevis as a model for
studying vertebrate development. We have compared the bio-
chemical regulation of oocyte maturation in these species. The
time required for progesterone-induced maturation of X. tropicalis
oocytes was shorter (GVBD50 5 148.8 6 44 min) than in X. laevis
ocytes (GVBD50 5 300 6 60 min). In X. tropicalis, the transient
appearance of a small white dot indicated the onset of the first
meiotic division, which was followed by the formation of a dark
ring that coincided with the onset of anaphase I. Like X. laevis, X.
tropicalis maturation required protein synthesis but not transcrip-
tion. The activity of MPF during maturation first peaked at 0.67
GVBD50, transiently declined, and remained stable thereafter.
MAPK activity increased in parallel with that of MPF. In addition,
extracts of mature X. tropicalis oocytes could induce immature
oocytes to mature. However, X. tropicalis oocytes appeared to lack
stores of “pre-MPF” since these extracts could not induce GVBD in
the presence of protein synthesis inhibitors. Finally, treatment of
mature oocytes with the calcium ionophore caused an abrupt loss
of MPF activity followed by a loss of MAPK activity. Our results
s of reproduction in any form reserved.
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180 Developmental Biology Volume 235, 2001indicate that biochemical regulation of oocyte maturation in both
these species is similar in most respects with the notable exception
that X. tropicalis oocytes lack pre-MPF.
39. Effects of Localized Actomyosin Contraction in Xenopus lae-
vis Oocytes. J. M. Thorn and B. K. Kay. Knox College, Gales-
burg, Illinois; and University of Wisconsin, Madison, Wiscon-
sin.
The cortical actin cytoskeleton, consisting of filaments and
inding proteins that underlie the inner surface of the plasma
embrane, is important in relaying signals from the surface to the
nterior of the cell. Signal transduction processes allow the cortex
o modulate cellular changes ranging from modifications of the
ocal cytoskeleton structure, the position in the cell cycle, to cell
unction. There are many developmental processes that involve the
ortical cytoskeleton including changes in cell shape, the restruc-
uring of the extracellular matrix, cell division, and cell migration.
o better understand the roles that the actin cytoskeleton plays in
enopus development, we have investigated the role of a tyrosine
inase associated with the cortical cytoskeleton, Src. When stage
I oocytes are injected with a mRNA encoding a constituatively
ctive form of Src tyrosine kinase (d-Src), there is an increase in
yrosine phosphorylation of specific proteins, an acceleration in the
ate of progesterone-induced maturation accompanied by massive
ortical changes (Unger and Steele, 1992). We have characterized
he nature of the contraction triggered by the injection of d-Src
RNA. Previous studies have implicated the rearrangement of
ctin filaments in these cortical changes (Unger and Steele, 1992;
arabell, 1995). Using pharmacological inhibitors, we have deter-
ined that the contraction initiated by the injection of d-Src
RNA is a result of an actin/myosin-based contraction. Addition-
lly, the contraction sites created through multiple injections of
-Src are able to merge into a furrow-like structure.
0. Segregation of Zebrafish Muscle Lineages: Lineage Relation-
ships and Cellular Commitment. E. Hirsinger and M. Wester-
field. Institute of Neuroscience, Eugene, Oregon 97403.
A major goal of developmental biology is to understand how
ells adopt different fates. In zebrafish, skeletal muscle precursor
ells can adopt one of at least three different fates. They can form
ast muscle fibers, slow muscles fibers, or pioneer muscle fibers.
ow are these three muscle lineages segregated? Previous studies
ainly focused on the role of inductive mechanisms. We assessed
he contribution of cell-autonomous mechanisms by fate mapping
he muscle precursor cells. We found that, as early as the onset of
astrulation, slow muscle precursors occupy a territory distinct
rom that of fast muscle precursors. Furthermore, single precursors
an give rise to muscle pioneers and slow muscle cells, but not to
uscle pioneers and fast muscle cells. These results suggest that
low muscle and muscle pioneer cell fates may be inherited from
respecified precursor cells, possibly by an asymmetric division, a
ypothesis we are testing by time-lapse recording. By transplanting
ells between the presumptive slow and fast territories, we ana-
yzed the state of commitment of these muscle precursors. At the
nset of gastrulation, the transplanted cells adopt the fate corre-
ponding to their new locations, showing that at that time, muscle
recursors are not yet stably committed to a slow or a fast muscle
ate. Furthermore, the precursors change fates whether small or
arge groups of cells are transplanted, suggesting that possible
ell–cell communication among the transplanted cells does not
nfluence this fate switch. To characterize further the onset of
Copyright © 2001 by Academic Press. All rightommitment, we are transplanting cells at later developmental
tages.
1. When and Where Do Zebrafish Slow Muscle Precursors Stop
Dividing? J. A. D’Angelo, M. J. F. Barresi, and S. H. Devoto.
Biology Department, Wesleyan University, Middletown, Con-
necticut 06459.
Zebrafish embryonic slow muscle fibers develop from adaxial
ells adjacent to the notochord. These adaxial cells migrate radially
o form a monolayer of embryonic slow muscle fibers on the
urface of the somite. In somites 16–18, an average of 22 embryonic
low muscle fibers are present in each somite at 24 h. We have used
rdU birthdating techniques to determine when embryonic slow
uscle fibers undergo their final division. We found that the
ajority stop dividing before 13 h, about 5 h before they are
ncorporated into a somite. Between 24 and 96 h, the number of
low muscle fibers per somite increases from 22 to 28. We have
xamined when these new fibers are born by using BrdU labeling.
e have found that slow muscle cells are born after 24 h and
ontinue to be born to at least 48 h. Cells in the dorsal and ventral
egions of the somite express markers of proliferation, including
CNA. We propose that the dorsal and ventral regions of the
omite are regions of myogenic precursor proliferation.
2. How Your Muscles Know You’ve Been Working Out: The IP3
Pathway as a Developmental Signal in Skeletal Muscle. J. A.
Powell, M. A.Carrasco, D. S. Adams, B. Drouet, J. Rios, M.
Muller, M. Estrada, and E. Jaimovich. Smith College,
Northampton, Massachusetts 01063; Universidad de Chile,
Santiago 6530499, Chile; and Inserm U-505, Paris, 75006,
France.
We study the function of inositol trisphosphate (IP3) receptors in
keletal muscle. The IP3 signaling pathway, which triggers intra-
cellular calcium release, is widespread in cells, participating in
processes from fertilization to platelet aggregation. Surprisingly, it
has not been well explored in skeletal muscle cells; we think this
is because muscle has another, headline grabbing, Ca21 signaling
ystem, excitation–contraction coupling. We believe that in skel-
tal muscle the IP3 pathway mediates a second Ca21-dependent
pathway that participates in producing long term—i.e., gene-
expression-dependent—changes in muscle cells. Using immunocy-
tochemistry to determine the distribution of IP3 receptors, relative
to proteins of known intracellular location, we find that the
receptors are positioned appropriately to mediate a slowly propa-
gating wave of calcium release that follows the rapid rise in
calcium triggered by depolarization. This second wave, which
lights up the nuclei as it moves across fluo-3 -ontaining cultured
cells, can be inhibited by the IP3 blocker 2-APB; the fast rise in
a21, associated with contraction, is unaffected by this treatment.
2-APB also blocks the depolarization induced activation of ERKs 1
and 2 and CREB, proteins that mediate changes in gene expression.
We think that this IP3-dependent Ca21 signaling system may be one
echanism by which muscle cells control hypertrophy and atro-
hy through effects on both myonuclei and satellite cells.
3. Bone Morphogenetic Protein (BMP) Function Is Required for
the Initial Myofibrillogenesis in Chick Cardiogenesis. Y. Na-
kajima, T. Yamagishi, and H. Nakamura. Saitama Medical
School, Saitama 350-0495, Japan.The heart is the first organ to form and function during embryo-
s of reproduction in any form reserved.
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181SDB Meeting Abstractsgenesis. Using a secreted protein, noggin, which specifically an-
tagonizes BMP2 and -4, we examined the role of BMP in the initial
myofibrillogenesis in cultured chick precardiac mesoendoderm
(ME). Conditioned medium from COS7 cells transfected with
Xenopus noggin cDNA inhibited the expression of sarcomeric
a-actinin, titin, and sarcomeric myosin in cultured stage 4 precar-
diac ME; however, it did not inhibit the expression of smooth
muscle a-actin (the first isoform of a-actin during cardiogenesis). In
this culture condition, the formation of I-Z-I components and thick
filaments of sarcomeric myosin was inhibited. In cultured stage 5
precardiac ME, although noggin did not inhibit the formation of
I-Z-I components consisting of sarcomeric a-actinin, titin, and
smooth muscle a-actin, it perturbed the formation of A-bands of
sarcomeric myosin. While recombinant BMP4 induced the expres-
sion of sarcomeric proteins in cultured stage 6 noncardiogenic
mesoderm, smooth muscle a-actin was expressed without the
addition of BMP4. Results suggest that (1) BMP is required for the
initial myofibrillogenesis including the formation of I-Z-I compo-
nents and A-bands in a stage-dependent manner. (2) At least two
signaling pathways are involved in the initial myofibrillogenesis:
one is an unknown signaling responsible for the expression of
smooth muscle a-actin; the other is BMP, which is involved in the
expression of sarcomeric a-actinin, titin, and sarcomeric myosin.
4. The Zebrafish inv Gene Is Required for Left–Right Brain and
Heart Development. J. J. Essner, X.-H. Wang, J. Zhang, and H. J.
Yost. Huntsman Cancer Institute, Center for Children, Depart-
ments of Oncological Sciences and of Pediatrics, University of
Utah, Salt Lake City, Utah 84112.
Inv homozygous mutant mice display a high incidence of a
omplete reversal of the left–right axis or situs inversus totalis,
uggesting that the inv gene may participate in the early specifica-
ion of the left–right axis. Similar to mice and humans, the inv gene
n zebrafish encodes a protein with 16 ankyrin repeats in the
-terminus and a unique domain in the C-terminus. To under-
tand how the inv protein is involved in left–right development, we
ave injected mRNAs encoding inv-gfp fusion proteins into em-
ryos. The inv-gfp fusion proteins localize to the centrioles during
itosis, suggesting a possible role for inv and microtubule organi-
ation in left–right development. Injection of an antisense morpho-
ino against inv reversed the orientation of heart looping in
pproximately 50% of the injected embryos, without apparent
lteration of midline or anterior–posterior development. inv regu-
ates domains of asymmetric gene expression in distinct ways.
itx2 expression in the dorsal diencephalon was absent in many
njected embryos while pitx2 expression in the gut primordia was
ormal. Lefty2 expression in the heart primordia displayed a delay
n its onset and right-sided expression in approximately 30% of the
njected embryos. As a control, the left–right phenotype can be
escued by injection of a mRNA-encoding inv that is not inhibited
y the inv morpholino. These results indicate that the inv gene in
ebrafish is required for left–right decisions in both the brain and
he heart; however, the mechanism of action may be distinct from
hat proposed in mammals.
5. Fates of Neural Crest Cells in Zebrafish Waardenburg–Shah
Model colorless/sox10 Mutant. K. A. Dutton and R. N. Kelsh.
University of Bath, Claverton Down, Bath, BA27AY, United
Kingdom.
Neural crest cells form diverse cell types, including ectomesen-
hymal fates (e.g., craniofacial skeleton and fin mesenchyme) and
Copyright © 2001 by Academic Press. All rightnonectomesenchymal fates (e.g., neurons, glia, and pigment cells).
The zebrafish colorless/sox10 (cls) mutants are models for two
neurocristopathies: Hirschsprung’s disease, characterized by few or
no enteric ganglia, and Waardenburg–Shah syndrome, which com-
bines Hirschsprung’s disease with loss of pigment. cls mutants
have a significant reduction in sensory and sympathetic neurons,
putative satellite glia, Schwann cells, and pigment cells.
Iontophoretic-labeling experiments have shown that neural crest
cell clones in live cls mutant embryos adopt ectomesenchymal
fates at the same frequency in cls and wild-type sibling embryos
and differentiate after migration to appropriate sites. All other
clones in cls embryos did not differentiate or migrate normally;
instead, they died late by an apoptotic mechanism. This suggests
that cls/sox10 has a primary role in specification of nonectomes-
enchymal fates and that defects in migration, survival, and differ-
entiation are secondary to a defect in specification. We have
examined dorsal root ganglia (DRG) neuron formation in cls
mutant embryos. DRG neurons are decreased in total number in cls
mutants in an anterior to posterior gradient, resulting in a total
lack of DRG neurons in the tail. In mouse sox10 mutants a similar
gradient has been reported, although reports conflict on the orien-
tation of the gradient. We have used sox10-specific morpholinos to
create sox10 hypomorphs to further investigate the role of sox10 in
RG neuron specification.
6. Zebrafish mosaic eyes Gene Is Required for Tight Junction
Formation in the Retinal Pigmented Epithelium. A. M. Jensen
and M. Westerfield. Institute of Neuroscience, University of
Oregon, Eugene, Oregon 97403-1254.
Our previous analysis of the mosaic eyes (moe) mutation showed
hat although retinal neurons and glia differentiate in moe mutants
heir patterning is severely disrupted and lamination is absent.
ormally cell division occurs adjacent to the retinal pigmented
pithelium (RPE), but in moe mutants, cell divisions occur
throughout the thickness of the neuroepithelium and neurons and
glia subsequently differentiate in ectopic locations. We showed by
genetic mosaic analysis that normal moe gene function is required
in the RPE and not in retinal cells. We suggested that Moe protein
functions in the establishment or maintenance of RPE polarity and
that normal RPE polarity is necessary for the RPE to provide
positional cues to the retina. To test this hypothesis further, we
examined RPE polarity by labeling tight junctions in wild-type and
moe mutant embryos with antibodies that recognize key compo-
nents of the tight junction complex, including Occludin, Cingulin,
Zo1, and Zo2. In wild-type RPE the antibodies label the apicolateral
membranes of the RPE. In moe mutant RPE, however, we observed
no localization of antibody labeling with any of the antibodies
examined. Other tissues in moe mutant embryos were labeled by
these tight junction antibodies as in wild types. In wild-type
embryos, localization of antibody labeling is apparent by 28 h
postfertilization. This coincides with the time when defects in
retinal development become apparent in moe mutant embryos. We
detected little or no labeling of the RPE with the tight junction
antibodies at all developmental stages examined in moe mutant
RPE. These results suggest that initiation of tight junction assem-
bly fails in the mutant RPE and that moe acts upstream of the
expression or localization of several tight junction proteins. Taken
together our results provide the first indication that normal RPE
polarity is required for the RPE to provide organizing signals to the
adjacent neural retina.
s of reproduction in any form reserved.
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182 Developmental Biology Volume 235, 200147. BMP11—A Candidate Negative Regulator of Olfactory Neuro-
genesis. H.-H. Wu,* P. Chern,* J. E. Johnson,† and A. L. Calof.*
*Department of Anatomy and Neurobiology, UC Irvine, Irvine,
California 92697-1275; and †UT Southwestern, Dallas, Texas
75390.
In vivo studies suggest that olfactory epithelium (OE) neurogen-
esis is regulated by signals produced by olfactory receptor neurons
(ORNs), which inhibit proliferation of neuronal progenitors. This
hypothesis is supported by experiments showing that OE neuronal
progenitors cultured with high numbers of ORNs generate fewer
neurons. Some BMPs also act in this way: BMPs 2, 4, and 7 act on
neuronal progenitors in the ORN lineage to inhibit neurogenesis.
Nevertheless, in the olfactory mucosa, these BMPs are not ex-
pressed exclusively in ORNs. Therefore, other negative regulators
may be important in OE neurogenesis. One candidate is BMP11. In
situ hybridization shows that Bmp11 is exclusively expressed in
OE, but not in adjacent stroma or respiratory epithelium. BMP11
belongs to a class of BMPs that includes the negative regulator of
muscle growth, GDF8. Since GDF8 is 90% identical to BMP11, we
tested GDF8 effects on OE neurogenesis. GDF8 strongly inhibits
neurogenesis in a dose-dependent manner. Unlike BMPs 2, 4, and 7,
however, GDF8 treatment has no effect on MASH11 progenitors,
suggesting that GDF8 acts at a different cell stage or through a
different signaling pathway. Experiments with OE cultured from
GFP reporter mice suggest that GDF8 inhibits development of
Ngn1-expressing immediate neuronal precursors, the progeny of
MASH11 progenitors. Current experiments are directed toward
identifying the receptors that mediate this action and determining
whether OE responses to other growth factors are affected by GDF8
signaling. (Supported by NIH Grants DC03583 and HD38761 to
A.L.C.)
48. Insulin-like Growth Factor-II Modifies Cell Survival and Pro-
liferation during a Discrete Period of Mouse Embryogenesis.
J. L. Burns and A. B. Hassan. Department of Zoology, Univer-
sity of Oxford, Oxford, OX1 3PS, United Kingdom.
Evidence from Drosophila suggests that the insulin-like growth
actor system is critical for cell number and size determination. In
ouse, disruption of the paternal allele (Igf21m/-p) of the im-
rinted embryonic gene coding for insulin-like growth factor II
IGF-II) results in a 40% reduction in weight compared to wild-type
WT) controls (DeChiara et al., 1990). Differences in weight are
etectable from embryonic day (E) 11 and are maintained through-
ut life (Baker et al., 1993). Using methods to generate single-cell
uspensions of whole embryos suitable for flow cytometry, we
ere able to time litters using an equation determined from WT
ell number accumulation, as opposed to timing by plugging. Here
e show that Igf21m/-p and WT whole embryos have a similar
otal cell number up to E9.25 (3 3 105 cells with 2C and above
DNA content). At this time a striking increase in cell death occurs
in Igf21m/-p embryos (subG1 counts P 5 0.003, FAM-VAD-FMK P
5 0.044) reverting to WT levels by E9.75. This is followed by
significant changes in the proportion of cells in S-phase and G2 at
E9.75 (S-phase counts P 5 0.001, BrdU pulse P 5 0.006). Cell
numbers begin to diverge by E9.5 and significant differences occur
by E11 (75% of WT). Cell size was unaffected throughout this
period as assessed by Coulter multisizer analysis. Furthermore, no
differences in morphological development (E8.5–11.5) were de-
tected, based on somite counts and the appearance of limb buds,
otic pits, and branchial arches. We conclude that one important
mechanism of growth control by IGF-II concerns modification of
Copyright © 2001 by Academic Press. All rightcell survival and proliferation during a discrete phase of mouse
development (E9.25 to E9.75).
49. Immunohistochemical Localization of Leukemia Inhibitory
Factor, Interleukins 1a and 1b, and IL-6 in Embryo–
Endometrium Interface during Implantation in the Rhesus
Monkey. Latika Dhawan, D. Ghosh, and Jayasree Sengupta.
Department of Physiology, All India Institute of Medical
Science, New Delhi-110029, India.
Leukemia inhibitory factor (LIF), interleukin 1a (IL-1a), interleu-
kin 1b (IL-1b), and interleukin 6 (IL-6) are known to regulate
growth, tissue remodeling, and perfusion of blood vessels in various
tissue beds. Blastocyst implantation and placentation involve
marked changes in endometrial vascularity and angiogenesis. The
involvement of two potent angiogenic factors, vascular endothelial
growth factor and placental growth factor, in the early stages of
implantation and placentation has recently been documented
(Ghosh et al., 2000, Mol. Hum. Reprod. 6, 935–941). The immuno-
histochemical localization of LIF, IL-1a, IL-1b, and IL-6 in primary
implantation sites collected in a timed manner on days 12 to 22 of
gestation from rhesus monkeys (Macaca mulatta) was investi-
gated. Based on histological examination and immunolocalization
of cytokeratin and vimentin primary implantation stages were
classified as lacunar stage (n 5 4), early villous stage (n 5 6), and
illous stage (n 5 8) of implantation. The vascular compartment at
he embryo–maternal interface was examined by immunolocalis-
ng von Willebrand factor (vWF) and platelet cell adhesion mole-
ule (PECAM or CD 31). Immunohistochemical staining was
erformed using specific primary antibodies against LIF, IL-1a,
L-1b, IL-6, CD 31, and vWF, and visualization was done using the
ABC kits and freshly prepared diaminobenzidine and hydrogen
peroxide. The spatiotemporal patterns of expressions of LIF, IL-1a,
L-1b, and IL-6 in trophoblast cells (cyto- and syncytiotropho-
blasts); extraembryonic mesenchymal cells; decidual cells; and, in
vascular smooth muscles, endothelial cells are suggestive of a
multifactorial involvement of these cytokines in modulating vas-
cular responses during implantation and placentation in the rhesus
monkey.
50. Abstract #50 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
51. The Role of Callose in Root Gravitropism. L. C. Enns, R. E.
Cleland, K. U. Torii, and L. Comai. Department of Botany,
University of Washington, Seattle, Washington 98195.
All plant cells, with few exceptions, are connected by protoplas-
mic bridges called plasmodesmata (PDM). The PDM allow the free
passage from cell to cell of small molecules (1 kDa). It is unknown
if the cells of the root meristem are all connected by PDM, i.e.,
whether or not the root meristem is a single symplastic domain.
What is known about root gravitropism suggests that it is not.
When a root is placed horizontally, the plant hormone auxin
accumulates and inhibits growth in the cells on the bottom side of
the root tip, causing the root to curve downward. There are known
auxin transporters which are believed to be involved in this
differential auxin distribution. However, auxin is a small molecule
and should move through open PDM. An auxin gradient could not
exist in such a symplastic continuum. We have looked at the
movement of Lucifer yellow (LY) in Arabidopsis root tips. LY is a
s of reproduction in any form reserved.
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183SDB Meeting Abstractsfluorescent dye which moves exclusively in the symplasm, from
cell to cell. When loaded into a cut leaf, it moves freely down the
phloem and into the cells of the root meristem, where its move-
ment is partially excluded from certain tissues. It has been sug-
gested that PDM can be closed either by actin or by callose
deposition at the openings of the PDM. Chlorpromazine (CPZ),
which has been shown to inhibit callose formation, enables LY to
move into tissues of the root tip where it is normally excluded.
CPZ also causes Arabidopsis roots to grow agravitropically. We
uggest that callose inhibition causes root tissues to lose their
ymplastic isolation, precluding the formation of an auxin gradient
n these tissues and rendering the roots agravitropic.
2. Peripodial Membrane Cells Regulate Imaginal Disc Develop-
ment in Drosophila. M. C. Gibson and G. Schubiger. Univer-
sity of Washington, Seattle, Washington 98195.
In most insect groups the appendage primordia arise as evagina-
ions or buds on the outside of the developing embryo. It is only in
he more derived holometabolous species that some or all of the
rimordia for adult structures are sequestered in epidermal invagi-
ations called imaginal discs. Developmental analyses have gener-
lly considered Drosophila imaginal discs to be single epithelial
heets. Anatomically, however, imaginal discs are sac-like struc-
ures comprising thinkened columnar epithelial monolayers con-
inuous with overlying squamous epithelia known as ‘peripodial
embranes.’ Because they make a minimal contribution to the
dult epidermis, peripodial membranes have received minimal
xperimental attention. We found that during disc development,
eripodial cells produce long microtubule-based ‘translumenal’
xtensions which project toward the apical surfaces of disc colum-
ar epithelia. These specialized filopodia are suggestive of commu-
ication between the two cell layers of the imaginal disc. We
herefore employed the Gal4/UAS system to functionally dissect
he role of peripodial cells in both eye and wing disc development.
ur results reveal that both Notch and TGF-B signaling are
equired in peripodial cells for normal growth and pattern forma-
ion in the underlying disc columnar cells. Based on these findings
e propose a novel three-dimensional interpretation of imaginal
isc development and suggest that peripodial membranes may be a
ey evolutionary modification which allows early and rapid growth
f insect appendage primordia.
3. Functional Characterization of the Lim1 Gene during Gastru-
lation. N. A. Hukriede,* D. L. Weeks,† and I. B. Dawid.*
*Laboratory of Molecular Genetics, NICHD, NIH, Bethesda,
Maryland 20892; and †Deptartment of Biochemistry, Univer-
sity of Iowa, Iowa City, Iowa 52242.
The LIM-homeodomain protein, Lim1, plays multiple roles
uring embryonic development including dorsal/anterior pattern-
ng and kidney formation. In Xenopus laevis, early expression of
lim1 is localized to the organizer region of the gastrula embryo. A
ariety of experiments indicate that Xlim1 is a transcriptional
ctivator and that it is required for head formation. To probe
urther the role of Xlim1 during embryonic development, we
mployed depletion studies using DEED antisense oligonucleo-
ides. First, we investigated possible functional redundancy be-
ween Xlim1 and the closely related LIM-homeodomain protein,
lim5. Xlim1 antisense oligonucleotide-injected embryos showed
marked reduction in Xlim1 mRNA and lacked head structures.
his phenotype could be rescued efficiently by injection of ze-
rafish lim1 mRNA and almost as efficiently with Xlim5 mRNA. w
Copyright © 2001 by Academic Press. All rightThese results imply functional redundancy between Xlim1 and
Xlim5. Second, we analyzed in more detail the role of Xlim1 in the
organizer during gastrulation. In Xlim1-depleted embryos, orga-
nizer genes such as goosecoid and chordin were still expressed in a
temporally correct manner. However, cells expressing these mark-
ers, which normally involute toward the animal pole, remained
restricted to the region in the vicinity of dorsal lip. Thus involution
of the dorsal mesoderm was greatly impeded in Xlim1-depleted
embryos. These observations suggest that Xlim1 may be required
for the proper involution of axial mesoderm during gastrulation.
54. Early Pregnancy Factor in Embryonic Development and during
Pregnancy in the Dasyurid Marsupial, Sminthopsis macroura
(Spencer). Y. P. Cruz,* L. Selwood,† H. Morton,‡ and A. C.
Cavanagh.‡ *Oberlin College, Oberlin, Ohio 44074; †Univer-
sity of Melbourne, Melbourne, Victoria 3010, Australia; and
‡University of Queensland, Brisbane, Queensland 4029, Aus-
tralia.
Marsupial pregnancy differs from that in eutherians in duration,
placentation, and hormonal profile—so much so that maternal
recognition of pregnancy is suggested not to occur in polyovular
marsupials. However, comparison of gravid and nongravid uteri
reveals differences suggestive of histological and physiological
adaptations to pregnancy. We investigated the hypothesis that
embryomaternal signaling exists in polyovular marsupials by test-
ing Sminthopsis macroura pregnancy and nonpregnancy sera for
arly pregnancy factor (EPF), a serum protein secreted by the ovary
n response to the presence of a newly fertilized egg in the oviduct.
PF is detectable in the serum of pregnant, but not in nonpregnant,
emales in all eutherians studied thus far. Our results indicate that
PF is detectable in S. macroura serum by the rosette inhibition
est during the first 9 of the 10.7-day pregnancy in this marsupial.
t is not detected on day 10, just prior to parturition, nor in
onpregnant or preovulatory animals. Immunohistochemical anal-
sis of ovaries from gravid and nongravid animals demonstrates
hat EPF is found in the capillaries, interstitial spaces, and secre-
ory cells of the corpus luteum. It is concluded that the spatiotem-
oral pattern of EPF activity described here strongly suggests that
aternal recognition of pregnancy in marsupials is mediated, at
east in part, by EPF. Because the endocrinological milieu is the
ame in pregnant as in nonpregnant marsupials, the possibility of
sing marsupials as an experimental system for studying EPF
unction unconfounded by hormonal effects is presented.
5. Survey of Surface Characteristics of Human Cancer Cells
Using Derivatized Agarose Beads. G. R. Weerasinghe, M. R.
Khurrum, E. S. Soriano, O. Badali, T. Sakhakorn, L. Kirszen-
baum, L. Ngo, K. Abedi, C. Harieg, V. M. Navarro, M. Barajas,
A. Martino, D. Toledo, J. Ching, M. W. Soccar, D. Khatibi, R.
Riman, C. A. Bulan, G. Zem, K. M. Cork, S. Meshkinfam, R.
Nejathaim, and S. B. Oppenheimer. California State Univer-
sity, Northridge, California 91330-8303.
Using an assay developed in this laboratory that tests the ability
f live or fixed cells to bind to over 70 types of agarose beads
erivatized with different molecules, we examined the surfaces of
wo human cancer cell lines (LS123, human colon adenocarcinoma;
CI-H446, human lung carcinoma) and one human noncancerous
olon line (CCD-18Co) obtained from American Type Culture
ollection (ATCC, Manassas, VA). Cells were thawed, washed in
hosphate-buffered saline (PBS), fixed in 1% formaldehyde in PBS,
ashed again, and resuspended in distilled water. Washed, fixed
s of reproduction in any form reserved.
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184 Developmental Biology Volume 235, 2001cells and washed, derivatized beads were mixed in triplicate
distilled water droplets and observed for cell–bead binding. Experi-
ments were repeated several times by at least two different inves-
tigators. Of approximately 70 beads tested, beads derivatized with
wheat germ agglutinin, some forms of concanavalin A, N-acetyl-
D-galactosamine, and N-acetyl-D-glucosamine displayed substan-
tially different percentages of positive and negative binding trials
with the three cell lines tested. This assay provides a novel
approach for the initial identification of cell surface markers that
may have functional significance in cancer and developing cell
systems. (Supported by NIH MBRS, NIH MARC, ONR RISE, NSF
ESIE, and the Joseph Drown Foundation.)
56. Filopodial Initiation and a Novel Filament Organizing Center,
the Focal Ring. K. W. Tosney, K. Balazovich, and M. Steketee.
Department of Biology and Neuroscience Program, University
of Michigan, Ann Arbor, Michigan 48109.
This study examined filopodial initiation and implicated a
putative actin filament organizer, the focal ring. Filopodia were
optically recorded as they emerged from veils, the active lamellar
extensions of growth cones. Motile histories revealed three events
that consistently preceded filopodial emergence: an influx of cyto-
plasm into adjacent filopodia, a focal increase in phase density at
veil margins, and protrusion of nubs that transform into filopodia.
The cytoplasmic influx likely supplies materials needed for initia-
tion. In correlated time-lapse immunocytochemistry, these focal
phase densities corresponded to adhesions. These adhesions per-
sisted at filopodial bases, regardless of subsequent movements. In
correlated time-lapse electron microscopy, these adhesion sites
contained a focal ring (an oblate, donut-shaped structure ca. 120 nm
diameter) with radiating actin filaments. Filament geometry may
explain filopodial emergence at 30-degree angles relative to adja-
cent filopodia. A model is proposed in which focal rings play a vital
role in initiating and stabilizing filopodia: (1) they anchor actin
filaments at adhesions, thereby facilitating tension development
and filopodial emergence; (2) ‘xial“ filaments connect focal rings to
nub tips, thereby organizing filament bundling and assuring the
bundle intersects an adhesion; and (3) ”lateral“ filaments intercon-
nect focal rings and filament bundles, thereby helping stabilize
lamellar margins and filopodia. (Supported by NIH NS21308.)
57. Morphogenetic Domains and Their Ontogeny in the Zebrafish
Gastrula. M. S. Cooper and L. A. D’Amico. Department of
Zoology, University of Washington, Seattle, Washington
98195-1800.
Morphogenetic cell behaviors include coordinate cell divisions,
coordinate cell shape changes, and stereotyped patterns of cell
migration and intercalation. During embryogenesis, a group of cells
(or a group of cell nuclei within a syncytium) that transiently
express a common morphogenetic cell behavior can be viewed as
constituting a morphogenetic domain. Although the cell behaviors
that are expressed in morphogenetic domains are clearly linked to
the expression of early-acting gene networks, it is unclear whether
these morphogenetic cell behaviors are activated in strict conjunc-
tion with restrictions of cell fate. The yolk syncytial layer (YSL) of
zebrafish embryos (a syncytial extraembryonic endodermal layer)
provides a unique system to determine whether morphogenetic
domains can be expressed independently of cell fate restrictions.
The YSL is generated during the midblastula period and persists
through larval development. However, the YSL syncytium does not
contribute cells (or nuclei) to adult zebrafish tissues. Moreover,
Copyright © 2001 by Academic Press. All rightnuclei within the zebrafish YSL become postmitotic shortly after
the midblastula period. Thus, the YSL does not represent a cell
progenitor domain. The YSL, however, does express a number of
spatially distinct morphogenetic domains, which are clearly visible
in the highly patterned movements of YSL nuclei during gastrula-
tion. YSL nuclei movements are organized along the AP and DV
axes and display convergent-extension behavior in the axial region
of the zebrafish yolk cell. These movements of the YSL nuclei, as
well as macroscopic shape changes of the zebrafish yolk cell, are
homologous to a number of morphogenetic behaviors that are
regionally expressed within the vegetal endodermal cell mass of
gastrulating Xenopus embryos. These homologous morphogenetic
behaviors suggest that specification of morphogenetic domains and
cell progenitor domains are parallel, but separable, outputs of
early-acting gene networks.
58. Stuck in place Is a New Locus Required for Proper Cell
Migration in Drosophila. J. A. McDonald and D. J. Montell.
Department of Biological Chemisty, Johns Hopkins University
School of Medicine, Baltimore, Maryland 21205.
Regulated cell migration plays a critical role in normal develop-
ment, whereas misregulated cell migration can cause developmen-
tal defects, tumor invasion, and metastasis. To better understand
the molecular mechanisms of cell migration, we are studying the
migration of a small group of follicle cells in the Drosophila ovary,
the border cells. We have identified a new locus required for border
cell migration, which we call stuck in place (stuk). stuk was
riginally identified in a screen for mutations that disrupt border
ell migration in mosaic mutant clones (Liu and Montell, 1999).
e examined the distribution of two markers for the border cells,
rmadillo/b-catenin and E-cadherin, in stuk mutant egg chambers
nd found that both proteins are aberrantly distributed in border
ells that fail to migrate. We have evidence that stuk is not required
ell autonomously in the border cells, but instead is required in
ther follicle cells to promote border cell migration. This result is
urprising, since all other genes required for border cell migration
ct solely in the border cells. Therefore, stuk is the first gene
nown to control border cell migration but not to be required in the
order cells themselves. We will report our current efforts to map
nd clone the stuk gene.
9. Identification of Genes Controlling Longitudinal Guidance in
the Nematode Caenorhabditis elegans. A. Adeleye, F. Vedulla,
and E. Stringham. Department of Biology, Trinity Western
University, Langley, British Columbia, V2Y1Y1, Canada.
Vertebrates and invertebrates are thought to employ common
mechanisms to guide outgrowing cells to their final destinations.
We have chosen the nematode Caenorhabditis elegans as a model
system to study guidance processes because of its powerful genetics
and transparency, which allows for individual cells to be viewed by
microscopy. The excretory cell is an excellent growth cone to use
in this type of analysis because the cell body is located in the
anterior end of the animal and extends two short processes anteri-
orly and two long canals posteriorly along the length of the animal.
This bidirectional and short vs long trajectory allows for the
selection of mutations that specifically affect only certain aspects
of longitudinal extension. We screened for mutations in the longi-
tudinal outgrowth of the posterior excretory canals and identified
two mutations (pm23 and pm24) which map to LG V. Both of these
alleles have similar phenotypes; they are short with epidermal
defects and possess very short canals that terminate at the anterior
s of reproduction in any form reserved.
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185SDB Meeting Abstractsgonad suggesting that pm23 and pm24 may define a locus which is
important in the general elongation of growth cones. One intrigu-
ing candidate gene which resides on LG V and has a similar
phenotype to pm23 and pm24 is the sma-1 gene which encodes a
unique b-spectrin, an important component of the apical cytoskel-
eton (C. McKeown, V. Praitis, and J. Austin, 1998, Development
125, 2087–2098). We have constructed a transgenic reporter strain
that expresses GFP in the excretory canals to facilitate high-density
screening for additional mutations in longitudinal pathfinding of
this growth cone.
60. The Regulation of Bud Elongation and Branching Program
Initiation during Lacrimal Gland Development. Helen
Makarenkova and Richard Lang. Skirball Institute, NYU
School of Medicine, New York, New York 10016.
Initiation of lacrimal gland development is observed as a single
tube-like invagination of the conjunctival epithelium at the tem-
poral extremity of the This tubular invagination extends toward
the mesenchymal sac where it forms multiple branches giving rise
to the lobular structure of the mature gland. We propose that some
external signal exists at this location which is responsible for
initiation of the branching program. Our previous experiments
showed that both FGF7 and 10 can induce ectopic lacrimal bud
formation and that they signal through fibroblast growth factor
receptor-2 (FGFR2) (Makarenkova et al., 2000). We have examined
the roles of fibroblast growth factor (FGF)-10 and FGF-7 in a
primary lacrimal bud elongation and branching program initiation.
We found that both FGF10 and 7 loaded on a beads can induce
migration of an isolated epithelial bud toward to the bead. How-
ever, FGF7 can also act as a differentiation factor for the lacrimal
bud, inducing duct and terminal bud formation. Since concentra-
tion gradients of signaling molecules can define directions or
initiate developmental programs, we propose that changes in FGF
gradient may be involved in the regulation of lacrimal gland
development. Using a mesenchyme-free explant culture system in
in vitro migration assays, we have examined the role of FGF
gradients in the initiation of the branching program. We have found
that (a) in a complex chemoattractant environment, epithelial
explants are able to detect, integrate, and prioritize conflicting
chemotactic signals; (b) explants can detect a particular rate of
change in a FGF10 gradient that initiate branching morphogenesis;
and (c) migration of the the lacrimal bud in a given chemoattractant
array depend not only on the gradient present, but also on the cell’s
memory of its recent chemoattractant environment. These find-
ings suggest that FGF gradients may play a major role in branching
morphogenesis.
61. Abstract #61 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
62. Avian Neural Crest Migration Guidance, from Micrometers to
Millimeters. A. J. Ewald and S. E. Fraser. Caltech, Pasadena,
California 91125.
The neural crest is a transient cell population in the vertebrate
embryo, which migrates from the dorsal neural tube to form a
broad range of derivatives. Shortly after exiting the neural tube,
trunk neural crest cells dive ventrally into the embryo, quickly
exceeding the depth limitations of vital confocal microscopy. To
better visualize the migratory pathways of trunk neural crest cells, w
Copyright © 2001 by Academic Press. All rightwe are developing a novel form of sectioning microscopy, in
collaboration with Resolution Sciences Corporation. We fluores-
cently label the neural crest and surrounding tissues and then
automatically section through the tissue at 1-mm increments,
apturing a fluorescent image of the block face after each section.
s we move through the embryo we trade physical sections for
igital images. These images are perfectly in register and so we are
ble to computationally reconstruct the full three-dimensional
olume of the tissue at subcellular resolution. This data can then
e viewed volumetrically or arbitrarily resectioned to generate
wo-dimensional sections from any orientation. In conjunction
ith these volumetric studies, we are exploring the cell biology of
eural crest migration guidance in vitro. We have developed a new
igration assay, which enables us to present primary neural crest
ell cultures with highly controlled molecular environments. We
hotolithographically immobilize proteins in patterns on glass
overslips, explant neural crest cells onto these patterns, and then
mage the cytoskeletal and membrane dynamics within the cells as
hey encounter a boundary of a potential guidance molecule.
3. Quantitative Analysis of Germ Cell Movements in Tissue
Explants. K. A. Molyneaux, K. Schaible, and C. Wylie. Chil-
dren’s Hospital, Cincinnati, Ohio 45229.
In mouse embryos, the primordial germ cells arise during gas-
rulation prior to, and distant from, the prospective gonads. Obser-
ations of PGCs in culture, and in fixed sections, have suggested,
ut not proved, that they migrate to the gonad by a process of active
igration. The opaque nature of the early mouse embryo has
recluded direct observation. Using confocal microscopy, we have
lmed living PGCs expressing eGFP, in cultured embryos and in
mbryo slices. PGCs migrate most rapidly when they are in the
indgut (E9.0) and body wall (E9.5–10.5) and slow dramatically
hen they arrive at the genital ridges (E11.5). The period of most
ctive migration is divided into three clearly distinct phases. First,
ntil E9.0–9.5 PGCs, although highly motile, do not leave the gut.
econd, in the E9.0–9.5 period, before the mesentery forms, PGCs
ery rapidly exit the gut, but do not migrate toward the genital
idges. Third, during the E10.0–10.5 period, PGCs migrate direc-
ionally from the dorsal body wall into the genital ridges. Very few,
f any, PGCs migrate out of the gut mesentery into the genital
idges. This study helps to refine and modify the existing models of
erm cell migration.
4. Abstract #64 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
5. Embryonic Handedness Choice in Caenorhabditis elegans
Involves a Ga Protein Encoded by the spn-1 Gene. W. B. Wood,
B. Robertson, and D. Bergmann. MCD Biology, University of
Colorado, Boulder, Colorado 80309.
The left/right (L/R) symmetry of the early Caenorhabditis el-
gans embryo is broken between the four- and six-cell stages of
leavage when the L/R-oriented spindles in the anterior blas-
omeres ABa and ABp skew in a clockwise direction (viewed
orsally). The resulting cleavage produces an asymmetric six-cell
mbryo and establishes the handedness of all subsequent L/R
symmetries in development. Handedness choice is essentially
nvariant, so that animals with reversed situs are not seen in
ild-type populations (,1024). The ts maternal-effect mutation
s of reproduction in any form reserved.
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186 Developmental Biology Volume 235, 2001spn-1(it143) causes misorientation of spindles in the second and
third cleavages at 25°C, affecting ABa and ABp most severely. The
result is 70% embryonic lethality, with 40% of the surviving
progeny showing reversed situs. We mapped spn-1 to a region of
LGI including the predicted Ga protein gene gpa-16 (Jansen et al.,
1999, Nature Genet. 21, 414). The spn-1 mutation failed to comple-
ment a gpa-16 deletion mutation (kindly provided by G. Jansen),
which also causes incompletely penetrant maternal-effect embry-
onic lethality. Sequencing of gpa-16 cDNA from spn-1(it143)
revealed a single base change, causing the substitution G202D in
the predicted Ga protein product. Together with the recent dem-
nstration that this protein is involved in control of a Gbg complex
regulating centrosomal migration and hence spindle orientation in
early embryos (Gotta and Ahringer, 2001, Nature Cell Biol. 3, 297),
our findings begin to explain how the spn-1(it143) mutation affects
handedness choice and suggest that the initial symmetry-breaking
event may act through heterotrimeric G protein signaling.
66. Spatial Expression Patterns of Hox Genes during Development
of the Sepiolid Squid, Euprymna scolopes. P. N. Lee, P.
Callaerts, B. Hartmann, D. Choy, M. Q. Martindale, and H. G.
de Couet. University of Hawaii at Manoa, Honolulu, Hawaii
96822.
Cephalopods represent a highly derived group within the Mol-
lusca. They have evolved extensive alterations in the basic mollus-
can body plan, including a reduction or loss of the shell, novel
recruitment of the mantle for locomotion, and modification of the
foot into a crown of prehensile arms surrounding the head. How-
ever, the most striking modifications are those involving the
anterior–posterior (AP) and dorsal–ventral (DV) axes. In cephalo-
pods, the visceral mass has undergone extensive elongation along
the DV axis, while the body along the AP axis has been greatly
compressed. As a result, the functional AP axis corresponds to the
embryonic DV axis. To understand how morphological changes
relative to the body axes have arisen in cephalopods, we examined
Hox genes in the sepiolid squid, Euprymna scolopes. Hox genes are
expressed along the AP axis in nested domains in bilaterians. As a
result, they can be used as highly conserved molecular markers
specific for the AP body axis. Using RACE-PCR, we have cloned
seven Hox orthologues from E. scolopes and used these clones as
probes for in situ hybridizations to examine their spatial patterns of
expression during embryogenesis. Preliminary results suggest that
the nested expression patterns of Hox genes may be conserved in
some regions along the embryonic AP axis during cephalopod
development.
67. A Sensitized Haploid Screen for Zebrafish Gastrulation Mu-
tants. D. H. Lee, F. A. Olale, T. Bruno, D. Yelon, and A. F.
Schier. Developmental Genetics Program, Skirball Institute,
NYU School of Medicine, New York, New York 10016.
Previous mutagenesis screens in zebrafish have identified sev-
eral genes important during early embryogenesis, but calculations
from the number of mutants with only one or two alleles indicate
that only partial saturation of the genome has been achieved.
Moreover, overlapping gene functions may mask the roles of some
genes. We are conducting a morphological haploid screen using the
sensitized genetic background of zygotic oep (Zoep) mutants. Since
Oep acts as a cofactor for Nodal signaling, we hope to find genes
that modulate Nodal signaling in addition to genes involved in
Copyright © 2001 by Academic Press. All rightgastrulation and patterning of the embryo. To date, 757 genomes
have been screened, identifying more than 50 mutants with defects
in processes ranging from gastrulation to organ formation.
68. Pitx2c-gfp Trangenic Zebrafish Identify Regions of Asymmet-
ric Gene Expression in the Central Nervous System. H. J. Yost,
E. B. Harris, and J. J. Essner. Huntsman Cancer Institute,
Center for Children, Departments of Oncological Sciences and
of Pediatrics, University of Utah, Salt Lake City, Utah 84112.
An intermediate step in the generation of left–right asymmetry
involves nodal signaling in the lateral plate mesoderm. Previously
we have shown that the pitx2 gene is a target of nodal signaling in
zebrafish and has three domains of left-sided expression: the dorsal
diencephalon, the heart field, and the gut primordia. By the use of
alternative promoters and splicing, the pitx2 gene generates two
isoforms. pitx2a is asymmetrically expressed in heart field while
pitx2c shows left-sided expression in the dorsal diencephalon and
the gut primordia. To identify upstream regulators of left-sided
gene expression, we have generated transgenic zebrafish lines using
the pitx2c promoter driving GFP (green fluorescent protein) expres-
sion and flanked by control regions encompassing intron 2 and 3 of
the pitx2 gene. The pitx2c-gfp transgene is expressed asymmetri-
cally in both the dorsal diencephalon and the gut, agreeing with the
in situ localization of pitx2c isoform. Other regions of bilaterally
symmetric transgene expression that recapitulate the in situ local-
ization of pitx2 include the trigeminal ganglia and ventral cells in
the diencephalon and mesencephalon. Consistent with our previ-
ous results indicating that the early expression of pitx2 is con-
trolled by nodal signaling, we have identified three asymmetric
enhancer elements (ASEs) in introns 2 and 3 that are postulated to
bind fast1, a mediator of nodal signaling. We suggest that ASEs play
a conserved role in the establishment and maintenance of asym-
metric gene expression.
69. Arkadia Is Essential for Specification of Anteroposterior and
Left–Right Axes. P. M. Timmons, R. L. Andrew, J. J. Walsh, D.
Swan, R. Arkell, and V. Episkopou. MRC Clinical Sciences
Centre, London W12 0NN, United Kingdom.
A gene-trap insertion in the mouse Arkadia (Akd) locus has
generated a recessive mutation that affects formation of the node
and node-derived mesendoderm, leading to anterior truncation of
the head, failure of embryonic turning, and lethality at midgesta-
tion (Episkopou et al., 2001, Nature, in press). Although Akd
message is ubiquitously expressed in the early embryo, analysis of
chimeric embryos shows that node and mesendoderm formation
requires Akd function in the extraembryonic lineages. Since the
first detectable defect in Akd mutant embryos is a lack of HNF3b-
xpressing node-precursor cells in the anterior primitive streak,
kd is implicated in the induction of this cell population by
xtraembryonic tissue. Genetic experiments in mice, supported by
ain-of-function assays in frog embryos (Niederlander et al., 2001,
Nature, in press), show that this function is mediated through the
Nodal signaling pathway. The failure of embryonic turning and
heart looping in Akd mutants indicates a defect in the establish-
ment of left–right asymmetry. Unlike the mesendoderm and head
defects, these aspects of the Akd phenotype are not rescued in
chimeras generated from mutant embryonic and wild-type ex-
traembryonic tissues, indicating an additional functional require-
ment for Akd in the embryo proper. We are currently investigating
the extent and timing of laterality defects in Akd embryos and the
s of reproduction in any form reserved.
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left–right axis.
70. Withdrawn.
71. Inadequate Differentiation of Endoderm/Mesoderm-Derived
Cells in Mouse l7Rn3 Mutant Embryos. H. Nakamura, S. E.
Thomas, and M. J. Justice. Department of Molecular and
Human Genetics, Baylor College of Medicine, One Baylor
Plaza, Houston, Texas 77030.
Through ethylnitrosourea (ENU) mutagenesis, numerous mu-
tant alleles (reflecting complete loss, partial loss, or gain of func-
tion) for any gene of interest can be generated, thus revealing the
function(s) of that gene. Saturation mutagenesis with ENU using a
large deletion at albino locus on mouse Chromosome 7 revealed
many new functional units including a number of embryonic lethal
mutations (Rinchik et al., 1990, 1999). Our focus is on one of these
loci, called l7Rn3. Five of the six ENU-induced alleles of l7Rn3 die
during embryogenesis, whereas one is viable. We recently found
that these embryonic lethal mutant alleles showed a wide range of
phenotypes. Embryos homozygous for l7Rn3m1 (believed to be a
oss of function allele) die around E8.0, whereas l7Rn3m4 embryos
believed to be a hypomorphic alleles) die at E9.5. At E6.5, all
omozygous embryos are morphologically normal, but the pheno-
ype is obvious at E8.0 when wild-type embryos have started to
ndergo extensive neural and axial development. l7Rn3m1 mutant
embryo exhibited gastrulation defect and l7Rn3m4 have a deficiency
n axial mesoderm and no yolk sac formation. To explore the
ature of the mesoderm defect in the mutant, we have undertaken
dditional phenotype analysis using whole mount in situ hybrid-
zation and histological sectioning. These studies show that the
utated gene product affects endodermal differentiation as well as
rimitive streak formation.
2. Functional Analyses of Bone Morphogenetic Proteins (BMPs)
during Pattern Formation and Organogenesis in Mouse Em-
bryos. Yuji Mishina, Castranio Trisha, and Satoshi Kishigami.
Laboratory of Reproductive and Developmental Toxicology,
National Institute of Environmental Health Sciences, NIH,
Research Triangle Park, North Carolina 27709.
Bone morphogenetic proteins (BMPs) were originally found for
heir bone-inducing activities, but recent findings suggest that they
lso play critical roles during mammalian development. We are
ocusing on the function of BMPs during mouse development. A
utant mouse line deficient for a BMP type I receptor known as
lk2 showed embryonic lethality around the gastrulation stage. To
escue these defects, we generated Alk2 homozygous mutant
mbryonic stem cells (Alk22/2 ES cells) to inject into wild-type
lastocysts. In the resulting chimeric embryos, the gastrulation
efects were rescued suggesting that signaling through ALK2 is
ssential in the extraembryonic tissues during gastrulation. The
himeric embryos with a low contribution of Alk2(2/2) cells
eveloped normally, although few Alk2(2/2) cells populated the
eart, particularly the myocardium. On the other hand, high
ontribution chimeras which had Alk2(2/2) cells that evenly
opulated the heart showed abnormal heart looping, a poorly
eveloped myocardium, and disorganized heart tissues. Another
bservation is how the direction of the heart looping in high
ontribution chimeras was altered. The marker genes that are i
Copyright © 2001 by Academic Press. All rightxpressed specifically in the left lateral plate mesoderm were
bnormally expressed bilaterally in the chimeras. A current model
etermining left–right body asymmetry taken together with these
ata allows us to propose that Alk2 is the unidentified BMP
eceptor necessary for establishing right identity.
3. Evidence That Delta and Forkhead Genes Interact during
Somitogenesis in the Mouse. B. Wilm and B. L. M. Hogan.*
Department of Cell Biology and *Howard Hughes Medical
Institute, Vanderbilt University School of Medicine, Nashville,
Tennessee 37212.
The murine delta-like 1 (Dll1) gene plays an important role
uring somite formation. In homozygous null embryos, there is no
egmentation of the paraxial mesoderm of the posterior trunk and
ail, and, although anterior somites do form, they are irregular in
ize and shape. The two forkhead genes Foxc1 and Foxc2 are both
xpressed in almost identical domains in the presomitic mesoderm
nd the somites of the mouse embryo and show considerable
verlap in their expression with Dll1 in the presomitic mesoderm.
ecent data from our lab have revealed that both Foxc1 and Foxc2
re necessary for somite formation to take place. Furthermore,
olecular analysis suggests that both Foxc genes act synergisti-
ally in the Delta–Notch signaling pathway during somitogenesis.
e have generated embryos compound homozygous for Dll1 and
oxc1 or Dll1 and Foxc2. Compound homozygous embryos of both
ombinations display an apparently identical phenotype. The gross
orphology of 8.5 to 9.0 dpc compound homozygous embryos
eveals that the paraxial mesoderm at the head and trunk somite
evel consists of very small clusters of cells. These clusters are
ested in the kinks of an extremely crooked neural tube. We are
urrently analyzing the primary defect in somitogenesis in the
ompound homozygous embryos. Furthermore, we are investigat-
ng the mechanisms that lead to the drastically reduced number of
ells in the paraxial mesoderm. We will discuss the significance of
ur findings in the context of the Delta–Notch signaling pathway.
4. The Role of Midline FGF8 in Left–Right Axis Specification in
the Rabbit. Martin Blum and Anja Fischer. Forschungszentrum
Karlsruhe, Institut of Toxikologie and Genetik, P.O. Box 3640,
D-76021 Karlsruhe, Germany.
FGF8 plays a role in the transfer of the original asymmetric
ignal from the midline to the periphery. However, its role in chick
nd mouse seems to differ. While FGF8 plays a right-sided role in
hick, it is a left determinant in the mouse. We use the rabbit as a
econd mammalian model system to study evolutionary aspects of
arly axis formation. Rabbit embryos, like chick and human,
evelop via a flat blastodisc, unlike mouse embryos which are
up-shaped at that stage. We have cloned marker genes and
stablished a culture system to study early laterality decisions. shh
nd FGF8, like in mouse, are symmetrically expressed at the node,
hile nodal and Pitx2c, as in all vertebrates, show left-asymmetric
ctivity. Right-sided misexpression of activin, a nodal-related
rowth factor, resulted in ectopic expression of nodal and Pitx2c.
his demonstrates that the rabbit embryo is competent to ectopi-
ally induce the nodal pathway on the right side at early neurula
tages and that the nodal–Pitx2c pathway is conserved. FGF8,
owever, did not induce ectopic nodal on the right side, indicating
ifferences to the mouse. At the early somite stage (0 to two
omites) FGF8 did not affect the left-sided nodal expression.
urther experiments addressing the function of FGF8 and of shh are
n progress and will be discussed.
s of reproduction in any form reserved.
188 Developmental Biology Volume 235, 200175. Abstract #75 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
76. Genetic Analysis of Isometric Growth in the Zebrafish. M.
Kathryn Iovine and Stephen L. Johnson. Washington Univer-
sity School of Medicine, St. Louis, Missouri 63110.
Most organs and limbs develop and grow to a size proportionate
to the total body size of an individual. These growth control
mechanisms are poorly understood. By examining two zebrafish fin
growth mutants, we have identified two independent pathways
involved in isometric growth control. short fin (sof/sof) mutants
develop short fin ray segments compared to wild-type, resulting in
fins that are half the length of wild-type fins. Adult long fin (lof/1)
mutants maintain the rapid rate of segment addition that normally
occurs only in young wild-type fins. Thus, lof fins grow with
positive allometry. Identification of the sof and lof genes is the first
step to reveal the mechanisms controlling segment length and
segment number. At present, we are developing the genetic tools
required to complete the cloning of these genes. First, we have
mapped each of these genes to different linkage groups (LGs). The
lof mutation has been mapped to an approximately 100-kb region
on LG-2, and the sof mutation has been mapped to an approxi-
mately 5-cM region on LG-20. Second, we have generated ENU-
induced alleles for each mutant. The identification of lesions in
each of the mutant alleles will be required to confidently reveal the
mutant genes. Third, we have generated deletion alleles for each
mutant. EST markers that have been mapped to the appropriate
regions are tested for candidacy first by their presence or absence on
the deletion chromosomes. Expression of the candidate ESTs is
then completed on developing and regenerating fins. Candidate
cDNAs that are absent from the deletion chromosomes and that
are expressed appropriately will be sequenced in order to identify
the lesion(s) causing the sof or lof phenotype.
77. Growth Control in the Zebrafish, Danio rerio. M. I. Goldsmith,
R. Waterman, and S. L. Johnson. Washington University School
of Medicine.
Growth control mechanisms act to establish a striking array of
mature animal sizes and forms; however, the regulation of growth
remains poorly understood. Unlike mammals, zebrafish grow
throughout their life span, although growth slows as the fish ages.
Zebrafish display an additional, important level of growth control:
zebrafish fins retain isometric growth. We have utilized these
aspects of zebrafish growth control, continuous growth and isomet-
ric growth, as well as the zebrafish fin overgrowth mutants,
rapunzel and longfin, to begin dissecting the mechanisms regulat-
ing growth in the zebrafish fin. Zebrafish ESTs from fin regenera-
tion libraries were tested in an in situ hybridization screen, looking
for informative markers of growth in the zebrafish fin ray. We have
used these markers to ask two questions pertaining to fin growth:
whether segment formation in the growing fin is continuous or
discrete and whether segment formation is initiated by local or
systemic factors. In addition, we use BrdU incorporation to explore
the relationship between cell division and fin growth. We also
characterize the expression of growth markers in two fin over-
growth mutants, rapunzel and longfin, both of which are defective
in the regulation of segment initiation. Finally, we ask whether
rapunzel and longfin bypass a normal regulatory checkpoint for
growth, namely, nutritional availability. Preliminary data suggest
that fin growth in longfin, like wild type, stops in the abscence of
Copyright © 2001 by Academic Press. All rightfood. However, rapunzel fins are able to bypass this checkpoint and
maintain growth.
78. Zebrafish Paxillin and FAK Are Necessary for Normal Devel-
opment. C. A. Henry, B. D. Crawford, and M. B. Hille. Univer-
sity of Washington, Seattle, Washington 98195.
The coordination of cell movements is an integral part of
vertebrate development. To begin to understand the role that
cytoskeleton–extracelullar matrix interactions play in regulating
cell motility during zebrafish development, we have cloned the
focal adhesion protein Paxillin and analyzed its developmental
expression and subcellular localization. Paxillin protein and
mRNA are expressed throughout the embryo during embryogen-
esis. Use of morpholino gene knockdown technology to generate
both a Paxillin morphant and a focal adhesion kinase (Fak) mor-
phant elucidated the requirement of these focal adhesion proteins
for normal development. Both Paxillin and Fak morphants show
reduced expression of Paxillin or Fak protein, respectively. Al-
though mRNA patterning of the midbrain–hindbrain boundary
region is normal in Paxillin and Fak morphants, morphogenesis of
the midbrain–hindbrain boundary is disrupted. As cytoskeleton–
matrix interactions are necessary for cell survival, both Paxillin
and Fak morphants demonstrate increased cell death in the fore-
brain, midbrain, and hindbrain. Paxillin and Fak morphants also
exhibit heart edema, suggesting a potential role for these genes in
maintaining the structural integrity of the heart. Taken together,
our results indicate roles for Fak and Paxillin in modulating cell
survival and morphogenesis during development.
79. One-Eyed Pinhead-Dependent Cell Behavior in the Zebrafish
Blastula. R. M. Warga and D. A. Kane. University of Rochester,
Rochester, New York 14627.
The one-eyed pinhead gene is similar to the mouse Crypto gene,
a member of a family of putative ligands that have been implicated
to act as extracellular cofactors essential for Nodal signaling. Using
lineage tracer and time-lapse microscopy we have followed the
behavior of live cells in mutant and wild-type zebrafish embryos
and found that characteristic cell movements of the early embryo
are abnormal in one-eyed pinhead mutants; in particular, mutant
cells ‘cohere’ together. This motility defect occurs at the animal
pole where the zebrafish nodal-related molecules cyclops and
squint are absent. Ectopic expression of Activin mRNA, which
mimics Nodal signaling, rescues the one-eyed pinhead mutant
phenotype but not the cell cohesiveness and movement defects.
Furthermore, cells in double mutant embryos for cyclops and
squint behave as wild-type cells. Hence the one-eyed pinhead
motility defect is independent of Nodal function. Normal gastrula
expression of snail1 mRNA is limited to the most marginal cells in
the mesendodemal layer. snail1 expression is not observed in
cyclops, squint mutant embryos. However, in one-eyed pinhead
mutant embryos, snail1 expression is maintained far longer than in
wild-type mesendoderm. Thus, one-eyed pinhead and cyclops,
squint mutant cells display different cellular phenotypes and
snail1 expression. We propose that one-eyed pinhead gene function
is required generally for regulation of cell behavior, and this
requirement is independent of Nodal function.
80. A Relationship of Epiboly with Other Cellular Movements in
the Zebrafish Gastrula. D. A. Kane, K. N. DelKanic, and R. M.
Warga. University of Rochester, Rochester, New York 14627.
s of reproduction in any form reserved.
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189SDB Meeting AbstractsIn the zebrafish gastrula, the movements of epiboly, involution,
and convergence create a complex mesh of cell trajectories at the
blastoderm margin. Using time-lapse microscopy, we have exam-
ined half baked (hab), a mutant that blocks epiboly, examining
double mutant combinations with other genes that affect cell
movement. In hab mutants, although the blastoderm stalls in the
arly gastrula, we find that involution is apparently normal and,
ater, convergence of cells toward dorsal begins on schedule,
lthough somewhat slowed. one-eyed pinhead (oep), when ho-
mozygous mutant, affects general cell motility, and when produced
from a homozygous mutant mother, blocks involution. hab is also
supplied materally and has a dominant maternal phenotype con-
sisting of slowed epiboly. We find that when hab and oep are in
double heterozygous combinations, the hab dominant maternal
phenotype is enhanced and male carriers produce this hab domi-
ant ‘maternal’ phenotype in hab heterozygotes. spadetail, when
homozygous mutant, prevents convergence of lateral mesoderm
and produces a widened axis. spadetail, hab double mutants have
a spilt axis posterior of the midbrain–hindbrain border, containing
a duplicated notochord, hindbrain, and ears, which we interpret as
a widened axis which has split. These results indicate that the
process of epiboly and other morphogenetic movements are not
independent. We suggest that in the late gastrula of the zebrafish,
epiboly is driven, perhaps partially, as a vector sum of other cellular
movements, as is thought to occur in the closure in amphibian yolk
plug.
81. Cell Internalization during Zebrafish Gastrulation. A. J.
Carmany-Rampey and A. F. Schier. Skirball Institute, NYU
School of Medicine, New York, New York 10016.
During gastrulation cells internalize to give rise to the mesoder-
mal and endodermal germ layers. Formation of mesendoderm in
zebrafish requires the Nodal-related factors Cyclops (Cyc) and
Squint (Sqt) and their cofactor One-eyed pinhead (Oep). Similar to
cyc;sqt double mutants, we find that marginal cells in maternal-
zygotic oep (MZoep) mutants do not internalize to give rise to
mesendodermal fates and instead acquire neural and tail fates. The
lack of internalization in MZoep mutant embryos and the cell-
autonomous requirement for oep in Nodal signaling allowed us to
test whether internalization can be achieved by single cells or if it
depends upon the interactions within a group of cells. We will
present results from transplantation and time-course experiments
following the movement of individual MZoep mutant cells in
wild-type host embryos and the converse experiment following
single wild-type cells in MZoep mutants. These experiments
address whether internalization and initiation of mesendoderm
formation can be attained autonomously by single cells.
82. 3D Time-Lapse Analysis of Xenopus Gastrulation Movements
Using mMRI. C. Papan, S. S. Velan, S. E. Fraser, and R. E.
Jacobs. Beckman Institute, California Institute of Technology,
Pasadena, California 91125.
Gastrulation movements in Xenopus laevis are difficult to
bserve by conventional optical microscopy due to the complete
pacity of the early embryo. To overcome this problem, we have
xplored mNMR imaging to analyze morphogenetic movements in
the developing Xenopus embryo. Using a 11.7-T NMR spectrom-
ter, we are able to take 3D time series of live embryos using either
ater- or fat-proton imaging. Image contrast and resolution (about
0- to 40-mm voxel size) allow us to identify a number of structureslike the blastocoel, the archenteron, and the blastopore. Animal
Copyright © 2001 by Academic Press. All rightand vegetal tissue can be distinguished based on their different
water and yolk content. Single cells can be labeled by microinjec-
tion of either a Gd31 based or a magnetite-based contrast agent. The
ynamics of the clone movement can then be followed in 3D
ime-lapse series within the context of the whole embryo. At
resent, we have undertaken 3D time-lapse analysis of general
astrula movements, of vegetal rotation movements of the vegetal
ell mass, and of the movement of cells that constitute the
pemann organizer. The spatial relationships of the neuroectoderm
ith endodermal and mesodermal cells during blastula and gastru-
ation could be defined.
3. The Role of the Rho GTPases in Controlling Cell Movements:
A Close Look into the Fine Mechanics of Xenopus Gastrula-
tion. E. Tahinci and K. Symes. Boston University School of
Medicine, Boston, Massachusetts 02118.
We are interested in understanding the molecular basis of cell
ovement during gastrulation. Members of the Rho family of
mall GTPases have been shown to mediate rearrangements of the
ctin cytoskeleton necessary for cell movement in a variety of cell
ypes. Different cell types, however, demonstrate a variable re-
ponse to these proteins. Moreover, how changes in the actin
ytoskeleton translate into cell movement within a tissue is
nknown. To assess the role of Rho GTPases in cell movements in
mbryos we have introduced mutant forms of Rac and Rho into
arly Xenopus embryos. Embryos injected with mRNA encoding
ominant negative or constitutively active Rho and Rac fail to
astrulate. Whole mount immunocytochemistry of these embryos
eveals that the prospective notochord cells do not converge toward
he dorsal midline, resulting in a characteristic boat phenotype. To
etermine the cellular mechanism behind this phenotype, indi-
idual gastrula cells were examined in shaved Keller explants. We
ound that cells form more stable cytoplasmic protrusions when
njected with an activated form of Rho or Rac and less stable when
njected with the dominant negative forms. Both treatments,
owever, are associated with a loss of polarity and rounding of the
ells. In addition, both treatments result in a significant increase in
he number of filiform protrusions per cell. These data indicate that
ho GTPases affect the stability, polarity, and type of cytoplasmic
rotrusion of mesoderm cells during gastrulation. (This work is
upported by NIH RO1 CA87375-01 and Comm of Mass-DPH
4080066071.)
4. Involvement of PAR-6 in the Regulation of Gastrulation Cell
Movement in Xenopus Early Development. Sun-Cheol Choi
and Jin-Kwan Han. Pohang University of Science and Technol-
ogy, Pohang, 790-784, Republic of Korea.
PAR-6 is implicated both in the establishment of cell polarity in
ammalian epithelia and in the asymmetric cell division in early
aenorhabditis elegans development. Recently, it is also known to
e a novel effector of Cdc42, a member of Rho GTPase family.
enopus PAR-6 and Cdc42 are expressed in the presumptive
euroectoderm and deep cells of the involuting mesoderm during
astrulation. These two proteins also associate in vivo in early
embryogenesis. Overexpression of either XPAR-6 or XCdc42 in
dorsal marginal zone (DMZ) affects the convergent extension
movements of an early gastrula. Consistent with this, overexpres-
sion of either gene strongly inhibits elongation both in the DMZ
and in the activin-stimulated animal cap explants. PDZ domain-
deleted XPAR-6 also has inhibitory effects on elongations in
embryo explants, and when coexpressed with either constitutively
s of reproduction in any form reserved.
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190 Developmental Biology Volume 235, 2001active or dominant negative mutant of XCdc42, it exacerbates the
convergent extension phenotypes of these XCdc42 mutants. In
addition, XWnt5a-inhibited elongations in animal cap explants can
be rescued by coexpression of dominant negative XCdc42. These
results suggest that PAR-6 may function, as an effector of Cdc42,
downstream of Wnt ligand. Further studies are in progress to
examine the relationships between XPAR-6, XCdc42, and Wnt
signaling pathways.
85. Migration and Mechanics during Closure of the Mesendoder-
mal Mantle in Xenopus laevis. L. A. Davidson,* R. Keller,† and
D. W. DeSimone.* *Department of Cell Biology, University of
Virginia Health System, School of Medicine, and †Department
of Biology, University of Virginia, Charlottesville, Virginia
22903.
Ventral mesoderm morphogenesis in vertebrates is dominated
y the early mass movements of the mesendoderm. In Xenopus,
ike chick and mouse, these cells move hundreds of micrometers as
n intact sheet. The sheet moves up the walls of the blastocoel
rom all directions forming the mesendodermal mantle. By mid-
astrula stages the leading edge of the mesendodermal mantle
ompletes its migration by converging to a point underneath the
lastocoel roof and enclosing the blastocoel. Previously, using
xplants from the marginal zone cultured on fibronectin we have
orrelated these mass movements with cell behaviors of radial
ntercalation and monopolar directed protrusive activity. Time
apses of whole embryos and capless explants, in which the animal
ap ectoderm has been removed and the mesendodermal mantle
ultured directly on fibronectin, have revealed an additional
geometry”-mediated mechanism of mantle closure that allows a
oubling of the rate of migration above that observed in the
arginal zone explant. To test whether geometry alone could
estore a high rate of migration, we arranged four marginal zone
xplants to mimic the convergent movements seen in both the
hole embryo and the capless explant. We found that establish-
ent of a converging ring of mesendoderm elevates the 100 mm/h
migration rate of a single isolated marginal zone explant to the
.200 mm/h migration rate of the leading edge of the mesendoder-
al mantle seen within the intact embryo. We are investigating
echanisms responsible for driving high-speed migration using
ime-lapse imaging of actin and microtubule dynamics, biome-
hanical measurements of force generation and tissue stiffness, and
ell biological approaches such as integrin a5b1/fibronectin func-
ion blockers to observe and modulate cell motility and cell
dhesion.
6. Cell Autonomous Effect of the Wnt Pathway in Spemann
Organizer Formation in Xenopus laevis. A. Vonica and B. M.
Gumbiner. Sloan-Kettering Institute, New York, New York
10021.
The formation of the Spemann organizer in Xenopus laevis is
urrently explained in one of two ways. The classic model assumes
hat the organizer, formed in the dorsal marginal zone of the
lastula, is induced by extracellular signals from the dorsovegetally
ocated Nieuwkoop center, which is itself dependent on the local
ctivation of the Wnt pathway. A more recent model considers that
he organizer is the result of cell autonomous activation of the Wnt
athway in the dorsal marginal zone of the embryo. To understand
he role of the Wnt pathway in organizer formation we used
ocalized injections at the 32-cell stage with activators and inhibi-
ors of Wnt signaling, followed by double in situ hybridization for
Copyright © 2001 by Academic Press. All rightdorsal markers and the injected RNA. All the genes tested (siamois,
chordin, goosecoid, cerberus) were induced or repressed in cell
autonomous manner. Ectopic activation on the ventral side showed
gene-specific restriction along the animal–vegetal axis. We also
demonstrate that previously reported nonautonomous induction of
an ectopic axis by vegetal injections of activators of the Wnt
pathway only happens as a consequence of leakage of injected RNA
into the overlying marginal tier. We conclude that Wnt activation
is cell autonomously necessary and, under overexpression condi-
tions, sufficient for dorsal marker induction in the competent tiers
of the intact embryo. No evidence, or requirement, was found for a
Wnt-induced signal from the Nieuwkoop center to the organizer
which would switch on the expression of dorsal genes.
87. Identifying Neurulation Genes in Chick. J-F. Colas and G. C.
Schoenwolf. Neurobiology and Anatomy, University of Utah
School of Medicine, Salt Lake City, Utah 84132.
Neurulation occurs during the early embryogenesis of chordates,
and it results in the formation of the neural tube. Disruption of
neurulation results in neural tube defects (NTDs), such as anen-
cephaly and spina bifida, defects associated with substantial mor-
bidity and mortality, resulting in significant fetal wastage. As for
most congenital abnormalities, the actual nature of the numerous
genetic factors causing the disruption of neurulation in humans is
largely unknown. We suggest that subtle changes of function in
specialized neurulation genes represent a major cause of human
NTDs. Neurulation genes have evolved so that appropriate changes
occur in the behaviors of the correct populations of cells at the
correct time during the morphogenesis of the neural tube. Neuru-
lation genes maximize the efficiency of neurulation, therefore
leading to heritable species and axial differences in this process. To
identify such genes, we have undertaken a systematic approach,
based on the analysis of the expression pattern of genes in neuru-
lating tissues (i.e., the simple idea that critical neurulation genes
should be expressed at the right time at the right place). For the first
time, it is possible to isolate and test candidate neurulation genes
in the chick embryo, because of the development of new molecular
approaches (subtraction and electroporation). We expect that such
new strategies will lead to the identification in the near future of
critical neurulation genes, genes that when mutated perturb neu-
rulation in a highly specific and predictable fashion and cause
neurulation deficits, thereby contributing to the formation of
neural tube defects. (Supported by NIH Grant NS18112.)
88. Exploring a Genetic Basis for Neurulation in Zebrafish. R. M.
Brewster, A. L. Rubinstein, and M. E. Halpern. Embryology,
Carnegie Institution of Washington, Baltimore, Maryland
21210.
A crucial and poorly understood aspect of vertebrate nervous
system development is the process of neurulation, whereby a flat
sheet of neurectodermal cells on the dorsal surface of the embryo
(the neural plate) undergoes complex morphogenetic movements
resulting in the formation of a three-dimensional neural tube.
Failure to undergo these cell movements results in severe anatomi-
cal and functional defects, the most common of which is spina
bifida. While neurulation has been extensively studied in the chick
and mouse at the cellular level and a number of mouse neurulation
mutants have been described, the molecular mechanisms control-
ling this process have remained mostly elusive. We are taking
advantage of the genetic tools available in zebrafish to identify and
characterize genes that orchestrate the cell movements of neuru-
s of reproduction in any form reserved.
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191SDB Meeting Abstractslation. We present here our initial analysis of a gamma-ray-induced
mutation called bumpy brain. Embryos homozygous for this mu-
tation undergo abnormal neurulation, resulting in the failure of
lateral neural plate cells to fuse at the dorsal midline and to
cavitate (form a lumen) in anterior regions extending from the
caudal forebrain to the rostral hindbrain. Efforts are currently under
way to dissect the exact cellular process that is affected and to
identify the mutant locus.
89. A Role for Midline Signaling in Neural Convergence and
Extension. C. M. Scott-Whitlow, C. R. Heitz, and R. E. Keller.
University of Virginia, Charlottesville, Virginia 22903.
We are investigating the role of attractive midine signaling in
Xenopus laevis. It is known that neural ectoderm acheives conver-
gence and extension utilizing two different strategies depending on
the presence of underlying mesoderm (Elul and Keller, 2000). We
have found that midline explants containing mesoderm and neural
ectoderm attract adjacent, untouching neural ectodermal explants
during the stages of convergence and extension. These data show
that a diffusible molecule made by the midline is involved in the
directed migration of neural ectoderm during the time of conver-
gence and extension. We are currently focusing on molecules that
are temporally and spatially expressed in a way that relates to
convergence and extension. Several molecules are suspect in this
process including axon guidance molecules such as netrin-1 and
slit, and our future research will be addressing these and other
molecules during the process of convergence and extension.
90. The Role of the AP-2a Transcription Factor in Ventral Body
Wall Closure. S. L. Brewer, S. Donaldson, and T. Williams. Yale
University, New Haven, Connecticut 06511; and University of
Colorado Health Sciences Center, Denver, Colorado 80262.
The AP-2 family of transcription factors are retinoic-acid-
nducible, sequence-sepcific binding proteins that are required for
ormal growth and morphogenesis during mammalian develop-
ent. AP-2a knock-out studies have shown that AP-2 is required
or many major embryonic processes including neural tube closure,
entral body wall closure, craniofacial development, limb develop-
ent, and eye devlopment. The extent of the body wall closure
efect seen in AP-2a knock-out mice is one of the most profound
body wall phenotypes known, mimicking thoracoabdominoschisis
and other limb–body wall defects observed in human fetuses. The
human body wall defects have created many controversial hypoth-
eses as to the mechanism of body wall closure, but no genetic or
enviromental cause has been proven. The study of AP-2a’s role in
normal ventral body wall closure will give insight into the devel-
opmental defects seen in human embryogenesis. Previous antibody
and RNA in situ expression studies failed to detect AP-2a in the
ventral body wall. Therefore, to create a more robust model to
study the detailed expression of AP-2a, we generated an AP-2a:
LacZ knock-in mouse. Currently, we are analyzing the expression
f AP-2a in both heterozygous and knock-out mice using the LacZ
knock-in allele. This allele faithfully reproduces the major aspects
of AP-2a expression in vivo and will provide a more sensitive
nzymatic assay to study the ventral body wall closure phenotype
bserved in the knock-out mice.
1. Epithelial–Mesenchymal Transition and Neural Crest Differ-
entiation: Several Routes to One Outcome. D. F. Newgreen, S.
Copyright © 2001 by Academic Press. All rightLewis, and J. Minichiello. Murdoch Childrens Research Insti-
tute, Parkville, Victoria, 3052, Australia.
The epithelial–mesenchymal transition (EMT) of avian neuro-
pithelial cells to form neural crest cells can be modeled in vitro
nd involves rapid changes in cadherin cell–cell adhesions, in the
-actin cytoskeleton, and in focal contacts. Later events are expres-
ion of crest markers, the transcription factor Sox10, and the cell
urface epitope HNK-1. Cells of neural epithelial explants show
light spontaneous EMT but this can be stimulated in several ways.
rief treatment (less than 1 h) with the natural inducer BMP-4
nduces rapid mesenchyme-like changes in focal contacts and
-actin, but the cadherin axis is initially unchanged. Prolonged
reatment (greater than 8 h) results in full EMT including marker
xpression. Alternatively, calcium depletion of the medium of
pithelial explants initially dissolves cadherin junctions, and cy-
oskeletal changes follow this. If calcium depletion is maintained
or 1–2 h and then relaxed, the cells return to the epithelial state. If
alcium depletion is maintained for more than 4 h before being
elaxed, the cells undergo full EMT and eventually express crest
arkers. Pharmacological inhibition of atypical PK-C produces
mmediate reorganization of the cytoskeleton, later cadherin
hanges and EMT, and eventual crest marker expression. Thus the
ame complex result can be achieved by various routes. The
ntegration of such complex multimolecular changes could be due
o a top-down master gene system, but these results suggest an
lternative model, a logic circuit that cross-modulates the activity
f several cytoplasmic molecules and of the genome.
2. Neural Crest Cell Motility in Valproic Acid. D. Wiens, L.
Fuller, and S. Cornelius. University of North Iowa, Cedar Falls,
Iowa 50614.
In vertebrate embryos neural crest cells (NCCs) exit the dorsal
eural tube and migrate to sites where they form a diverse array of
issues. Valproic acid (VPA) is an anticonvulsant drug that induces
eural tube, craniofacial, and related defects. Altered NCC migra-
ion and proliferation have been proposed as mechanisms of
eratogenicity. We dissected and cultured trunk neural folds from
hick embryos in 0.75–3.0 mM VPA. Video image analysis, BrdU
ncorporation assays, and fluorescence localization of F-actin and
-cadherin (A-CAM) were used to investigate NCCs during VPA
xposure. VPA inhibited the attachment of explants and the
umber that produced cells migrating outward in the first 24 h of
ulture. It markedly decreased the proportion of cells migrating as
ndividuals, encouraging migration as epithelial sheets. Image
nalysis showed that VPA decreased cell area and width. Area and
erimeter change per minute were generally inhibited, but migra-
ion velocity was not consistently affected in this culture format.
wo millimolar VPA cut cell proliferation 11% and 3 mM stopped
t. Immunostaining of VPA exposed explants revealed A-CAM-
ositive cell junctions within attached epithelial sheets, but inde-
endent NCCs in the same cultures did not stain. F-actin staining
howed reduced intensity in stress fibers and cortical areas of
ndependent NCCs. Within epithelial sheets, only cell cortex areas
tained for actin. The data support a VPA mechanism of altered
eural tube integrity and slowed NCC motility through increased
ell adhesion and reduced proliferation that could explain neural
ube defects. Lowered contribution of migrating NCCS to tissue
erivatives thus results in the other VPA induced defects.
3. Genetic Dissection of c-kit Function during Embryonic Mela-
nocyte Development in the Zebrafish. John F. Rawls and
s of reproduction in any form reserved.
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192 Developmental Biology Volume 235, 2001Stephen L. Johnson. Department of Genetics, Washington
University School of Medicine, St. Louis, Missouri.
During vertebrate embryonic development, melanocyte precur-
ors arise from the neural crest and migrate throughout the animal
o compose the melanocyte pigment pattern. In the absence of c-kit
eceptor tyrosine kinase (kit) function, embryonic melanocytes in
ebrafish, or their precursors in mammals, fail to migrate and
ubsequently undergo programmed cell death. It remained unclear
hether embryonic melanocytes in kit mutants die because they
re unable to migrate to their target sites, whether they fail to
igrate because they are undergoing cell death, or whether kit
romotes migration and survival independently. To distinguish
etween these models and extend our understanding of kit function
uring embryonic melanocyte development, we generated and
nalyzed a series of new alleles of the zebrafish kit orthologue
sparse). Using a temperature-sensitive kit mutation, we show that
it promotes melanocyte migration and survival independently.
e also identify alleles of kit that are defective specifically for
ither melanocyte migration or survival. The lesions encoded by
hese alleles reveal relationships between the structure of the kit
eceptor and its separable developmental roles.
4. The flat top Mutation Affects the Differentiation of Postotic
Neural Crest. T. H. Linbo,* C. B. Moens,† and D. W. Raible.*
*University of Washington, Seattle, Washington; and †Fred
Hutchinson Cancer Research Center, Seattle, Washington.
Neural crest cells migrate from the neural tube to differentiate as
eurons and glia in the peripheral nervous system, craniofacial
artilages, and pigment cells. Fate of the neural crest is, in part,
etermined by its premigratory location: i.e., neural crest cells from
ifferent regions of the embryos anterior–posterior axis form char-
cteristic structures. We have identified a mutation, flat topb369,
that shows defects in derivatives formed by neural crest cells that
migrate from a region between the ear and the first few somites. In
mutant embryos homozygous for flat top, the posterior gill arch
cartilages do not form. Wild-type cells transplanted into mutant
embryos can form proper cartilages, demonstrating that environ-
mental factors are still present to support this process. Early
markers of neural crest formation, such as dlx2, or axial-specific
neural crest markers like hoxa3 are apparently normal. Other
arch-associated segmental structures not derived from neural crest
are also normal. However, thymus formation is defective, heart
valves are abnormal, and enteric neurons are drastically reduced.
Molecular analysis of the flat top mutation may lead to better
understanding of the complex tissue interactions involved in
postotic neural crest specification.
95. Time-Lapse Analysis of Somite Formation in Whole Chick
Embryo Explants. P. M. Kulesa and S. E. Fraser. Beckman
Institute 139-74, California Institute of Technology, Pasadena,
California 91125.
One of the many intriguing patterning processes in the develop-
ing vertebrate embryo is the formation of somites. Somites, which
give rise to vertebrae, muscle, and skin, form in pairs when
mesodermal tissue alongside the embryonic axis is subdivided into
segments in a caudal moving pattern which repeats every 90 min in
chick and in mouse. How genes coordinate the cell movements
which shape an individual somite and propagate the pattern of
segmentation is largely unknown due to the lack of a system to
visualize cell movements and gene expression in the same animal
Copyright © 2001 by Academic Press. All rightover a very precise timeframe of 90 min. We have developed culture
and imaging techniques in chick which allow us to characterize the
movements of cells during the shaping of somites. We present
time-lapse data which show that there are distinct tissue move-
ments and cell rearrangements which occur in a precise order to
shape an individual somite. Although several gene expression
patterns correlate with the area near a forming somite, the com-
plexity of the shaping process makes it critical to know more
precisely the timing and spatial location of gene expression within
the 90-min time frame. To address this, we use time-lapse record-
ings to identify the precise stage of the 90-min interval over which
a chick somite pair forms and then fix the embryo, perform the in
situ hybridization for the gene of interest, and directly compare the
expression pattern with the shaping events. We show results of
comparing somite shaping with the gene expression patterns of
four key genes.
96. Contribution of Somitic Cells to the Avian Axial Skeleton and
Hypaxial Musculature. D. J. R. Evans. School of Biosciences,
Cardiff University, Cardiff, Wales, CF10 3US, United King-
dom.
Replication-deficient Lac Z-encoding retroviruses have been
utilized to follow the fate of cells arising from specific regions of
somites 14–25 in the avian embryo. Injections of virus made into
the lateral dermomyotome of somites 16–21 usually gave rise to
labeled muscles within the developing wing and scapular girdle. In
agreement with other studies, we demonstrate that each individual
somite can contribute cells to more than one muscle in both
proximal and distal locations of the wing. In a number of these
cases, the superficial pectoralis muscle was also labeled suggesting
that the precursors of this muscle are intimately associated with
those of the wing musculature. A number of single injections into
somites 20–25 gave rise to labeling in the caudal half and the
rostral half, respectively, of two adjacent ribs. In contrast, where
injections were made into two adjacent somites labeling was
evident throughout the rib tissue. Together these results support
the idea that resegmentation occurs in rib formation and that the
derivatives of two half somites remain separate. The only excep-
tion is in the most distal part of the rib where cells are labeled
throughout the tissue, indicating that cell mixing has occurred. In
many cases these injections also gave rise to labeling of associated
intercostal muscles, suggesting that at least some of the progeni-
tors of both these tissues may be be contiguous within the somite.
Overall, the highly selective patterns of labeling following each
somite injection demonstrate that cells emanating from individual
somites are not randomly distributed within the tissues that they
contribute to.
97. Dorsal, Axial Morphogenesis; Deposition of the ECM Protein
Fibrillin; and Sonic Hedgehog Expression Are All Dependent
on the Notochord–Somite Boundary. P. Skoglund, A. Rolo, and
R. E. Keller. Department of Biology, University of Virginia,
Charlottesville, Virginia.
We have generated stable lines of transgenic Xenopus laevis that
express GFP in either the presumptive notochord or the somites
prior to overt morphological differentiation of these tissues. This
facilitates explantation and transplantation of defined regions of
the developing axis such as presumptive notochord alone, lateral
somitic tissue alone, or the combination of these two including the
developing notochord–somite boundary. The ECM protein fibrillin
is found highly localized to this boundary as it forms (by Stage 11)
s of reproduction in any form reserved.
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193SDB Meeting Abstractsand is the first component of what eventually develops into the
matrix-rich notochordal sheath. Cultured open-face dorsal mar-
ginal zone explants autonomously undergo morphogenesis to pro-
duce a mature notochord and somitic files. However, dissected
presumptive notochord or somite alone does not undergo this
morphogenesis, nor does notochord alone assemble appreciable
fibrillin into microfibrils. In contrast, similar sized explants con-
taining both presumptive notochordal and somitic tissue both
undergo dramatic shape change in culture to elaborate a notochord
and localize fibrillin to the boundary. Additionally, in situs of
morphogenesis-blocked explants reveal that periboundary noto-
chordal cells express sonic hedgehog while midline notochordal
cells do not, indicating that these two populations are in different
signal transduction states. These data indicate that Spemann’s
organizer is composed of two autonomously acting organizing
centers corresponding to the bilateral notochord–somite bound-
aries, rather than a single midline organizer.
98. The Upstream Ectoderm Enhancer in Pax6 Has an Important
Role in Lens Induction. P. V. Dimanlig and R. A. Lang. Skirball
Institute for Biomolecular Medicine, Developmental Genetics
Program, New York University School of Medicine, New York,
New York 10016.
The Pax6 gene has a central role in development of the eye. We
how, through targeted deletion in the mouse, that an ectoderm
nhancer in the Pax6 gene is required for normal lens formation.
ctoderm enhancer-deficient embryos exhibit distinctive defects at
very stage of lens development. These include a thinner lens
lacode, reduced placodal cell proliferation, and a small lens pit and
ens vesicle. In addition, the lens vesicle fails to separate from the
urface ectoderm and the maturing lens is smaller and shows a
elay in fiber cell differentiation. Interestingly, deletion of the
ctoderm enhancer does not completely eliminate Pax6 production
n the lens placode but results in a diminished level that is apparent
rimarily in the nasal side. This argues that Pax6 expression in the
ens placode is controlled by the ectoderm enhancer and at least
ne other transcriptional control element. This also suggests that
ax6 enhancers active in the lens placode drive expression in
istinct subdomains. Furthermore, deletion of the ectoderm en-
ancer also causes loss of expression of FoxE3, a transcription
actor gene mutated in the dysgenetic lens mouse. Our data
herefore allow us to assemble a more complete genetic pathway
or lens induction, as well as suggest the following: (1) the ectoderm
nhancer mediates Pax6 expression predominantly in a nasal
ubdomain of the lens placode. (2) the ectoderm enhancer must act
n concert with additional transcriptional control element(s) to
roduce the full level of Pax6 expression in the lens placode; and (3)
ormal lens development requires a “critical threshold” of placodal
ax6 for the induction of downstream genes such as FoxE3.
9. Chondrogenesis of the Otic Capsule during the Chicken Inner
Ear Development. W. Chang,* P. ten Dijke,† and D. K. Wu.*
*NIDCD/NIH, 5 Research Court, 2B34, Rockville, Maryland
20850; and †Division of Cellular Biochemistry, The Nether-
lands Cancer Institute, Amsterdam, The Netherlands.
The inner ear consists of a membranous labyrinth and a bony
abyrinth. The ectoderm-derived otic placode invaginates to form
he otocyst, which further develops into the membranous laby-
inth. The mesenchymal cells surrounding the otocyst differentiate
nto the capsular cartilage which later develops into the bony
abyrinth. The molecular mechanisms underlying the otic chon-
Copyright © 2001 by Academic Press. All rightdrogenesis are largely unknown. In this study, avian retroviral
vectors RCAS-encoding Noggin, dominant negative (dn) BMPR IB,
and constitutively active (ca) BMPR IB were expressed in the otic
mesenchyme in order to perturb otic chondrogenesis. Mesenchy-
mal expression of RCAS-Noggin led to the loss of both the
membranous and the cartilagious components, i.e., the semicircu-
lar canals and the pericanal cartilage, respectively. Mesenchymal
expression of RCAS-dnBMPR IB led to the loss of the capsular
cartilage but not the semicircular canals. Mesenchymal expression
of RCAS-caBMPR IB led to overgrowth of the capsular cartilage but
also loss of semicircular canals. The semicircular canal phenotype
in the RCAS-caBMPR IB-infected inner ears is similar to ones
infected with RCAS-Noggin. Instead of the predicted gain of BMP
functioning in RCAS-caBMPR IB-infected ears, the loss of semicir-
cular canals in these inner ears most likely resulted from a
reduction of normal BMP functioning in response to upregulation
of Noggin expression in the surrounding mesenchyme. This hy-
pothesis is supported by the observation that phosphorylated form
of Smad1, indicative of BMP functioning, is downregulated in both
RCAS-caBMPR IB- and Noggin-infected ears. We conclude that
both the semicircular canals and the otic capsule formation require
BMPs. Furthermore, expression of several precartilage markers
such as collagen II, Sox9, and autotaxin (ATX) was examined in
these infected ears. ATX was upregulated by the ectopic expression
of dnBMPR IB and Noggin and was downregulated by the ectopic
expression of caBMPR IB. We conclude that BMPR IB played a key
role at the transitional stage of the otic chondrogenesis from the
precartilage to the cartilage.
100. Mechanisms of Left–Right Asymmetric Digestive Organ Mor-
phogenesis. J. L. Keene, D. R. Knutson, and N. M. Nascone-
Yoder. Eckerd College, St. Petersburg, Florida 33711.
In vertebrate development, the left–right axis is specified by a
regulatory cascade of genes with left–right asymmetric expression
patterns in the lateral plate mesoderm (LPM). The mechanisms by
which organ primordia interpret these expression patterns in order
to acquire asymmetric shapes or assume handed positions in the
body cavity remain unknown. Here we define the developmental
differences between the left and right sides of the Xenopus embryo
that shape the asymmetries of the digestive organs. We show that
the asymmetric morphogenesis of the digestive system does not
result from fate differences between the left and right LPM.
Likewise, we do not detect differential proliferation in the left and
right sides of the gut during asymmetric morphogenesis. Rather,
we find that key curvatures occur in defined regions of the GI tract
as a result of differences in the rate of elongation of the left and
right sides of the primitive gut tube. Importantly, in both normal
and heterotaxic embryos, the asymmetric expression patterns of
the homeobox gene, Pitx2, correlate closely with the location of the
less extended, concave face of these curvatures. Finally, we show
that ectopic expression of Pitx2 mRNA causes heterotaxic posi-
tioning of the digestive organs by inducing inappropriate concavi-
ties in the developing GI tract. These results suggest that the
primitive gut interprets Pitx2 expression as a signal to create a
oncavity or slow the rate of tissue elongation during digestive
rgan morphogenesis. This work provides the first link between
symmetric gene expression and the morphogenetic mechanisms
hat orient and shape asymmetric organs.
01. The Ret Signaling System and Pronephric Duct Migration in
Axolotl and Xenopus Embryos. J. Drawbridge, M. E. Kite,
s of reproduction in any form reserved.
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renceville, New Jersey 08648.
We have previously shown that pronephric duct (PND) migra-
tion in axolotl embryos is inhibited by in vivo removal of GPI-
linked proteins and that this inhibition can be rescued by the
GPI-linked, ligand-binding partner of the Ret tyrosine kinase,
GFRa1. We also showed that the pronephric duct will migrate
toward an ectopic source of GDNF, the ligand for the GFRa1/Ret
ignaling complex. We, therefore, hypothesize that the Ret signal-
ng system is part of the PND guidance system. Our model predicts
hat Ret and GFRa1 should be expressed on cells of the migrating
PND; GDNF should be expressed in tissue posterior to the PND
tip. We report here that axolotl Ret is expressed in the axolotl PND
throughout migration. In addition, we compare PND migration in
axolotl and Xenopus embryos. We show that Xenopus PND exten-
sion from somites 10–14 is sensitive to removal of GPI-linked
proteins; PND formation anterior to somite 10 is not. In addition,
removal of GPI-linked proteins from the Xenopus PND prevents
posterior translocation of individual cells along the entire length of
the duct. The potential role of Ret signaling in PND morphogenesis
in these two amphibian systems will be discussed.
102. Evidence That SPROUTY2 Functions as an Inhibitor of
Mouse Embryonic Lung Growth and Morphogenesis. Arnaud
Mailleux,*,1 Denise Tefft,†,1 Delphine Ndiaye,* Nobuyuki
Itoh,‡ Jean-Paul Thiery,* David Warburton,† and Save´rio
Bellusci.*,2 *UMR144-CNRS/Institut Curie, 26 rue d’Ulm
75248 Paris Cedex 05, France; †Center for Craniofacial Biol-
ogy, Departments of Surgery and Pediatrics, and the Develop-
mental Biology Program, The Childrens Hospital Los Angeles
Research Institute, University of Southern California Schools
of Dentistry and Medicine, Los Angeles, California 90033;
and ‡Graduate School of Pharmaceutical Sciences, Kyoto
University, Yoshida-Shimoadachi, Sakyo, Kyoto 606-8501,
Japan. 1These authors contributed equally to this work. 2To
whom correspondence should be addressed. Fax: 33 1 42 34 63
49. E-mail: saverio.bellusci.fr.
Experimental evidence is rapidly emerging that the coupling of
positive regulatory signals with the induction of negative feedback
modulators is a mechanism of fine regulation in development.
Studies in Drosophila and chick have shown that members of the
SPROUTY family are inducible negative regulators of growth
factors that act through tyrosine kinase receptors. We and others
have shown that fibroblast growth factor 10 is a key positive
regulator of lung branching morphogenesis. Herein, we provide
direct evidence that mSprouty2 is dynamically expressed in the
peripheral endoderm in embryonic lung and is down-regulated in
the clefts between new branches at E12.5. We found that
mSprouty2 was expressed in a domain restricted in time and space,
adjacent to that of Fgf10 in the peripheral mesenchyme. By E14.5,
Fgf10 expression was restricted to a narrow domain of mesenchyme
along the extreme edges of the individual lung lobes, whereas
mSprouty2 was most highly expressed in the subjacent epithelial
terminal buds. FGF10 beads up-regulated the expression of
mSprouty2 in adjacent epithelium in embryonic lung explant
culture. Lung cultures treated with exogenous FGF10 showed
greater branching and higher levels of mSpry2 mRNA. Conversely,
Fgf10 antisense oligonucleotides reduced branching and decreased
mSpry2 mRNA levels. However, treatment with exogenous FGF10
or antisense Fgf10 did not change Shh and FgfR2 mRNA levels in
the lungs. We investigated Sprouty2 function during lung develop-
Copyright © 2001 by Academic Press. All rightment by two different but complementary approaches. The tar-
geted overexpression of mSprouty2 in the peripheral lung epithe-
lium in vivo, using the surfactant protein C promoter, resulted in
a low level of branching, lung lobe edges abnormal in appearance,
and the inhibition of epithelial proliferation. Transient high-level
overexpression of mSpry2 throughout the pulmonary epithelium
by intratracheal adenovirus microinjection also resulted in a low
level of branching. These results indicate for the first time that
mSPROUTY2 functions as a negative regulator of embryonic lung
morphogenesis and growth.
103. Absence of Ventricular Ballooning Segments in Embryos
Lacking the Homeobox Gene Nkx2-5. C. Biben, L. McDonald,
and R. P. Harvey. Victor Chang Cardiac Research Institute,
Darlinghurst, New South Wales, 2010, Australia.
Looping morphogenesis is a critical event in early cardiogenesis
that sets the stage for formation and integration of the primordia of
the cardiac chambers. During looping, cardiac chambers become
evident as individual ventricles, then atria, which appear to “bal-
loon” out from the linear heart tube. Classically, heart chambers
have been considered as segments arising along the anteroposterior
axis of the forming heart tube. Recent integration of anatomical,
physiological, and molecular data has challenged that model,
suggesting that definitive cardiac chambers arise as defined regions
at the outer curvature of the forming heart, with the inner
curvature remaining unspecialized and primitive in character. One
key regulator of the cardiogenic program is the homeobox gene
Nkx2-5, originally cloned as a vertebrate homologue of the Dro-
sophila gene tinman. Nkx2-5 is expressed in heart progenitor cells
in the embryo and then in the myogenic layer of the heart
throughout life. Homozygous mutations lead to a spectacular arrest
of cardiac looping morphogenesis and downstream remodeling,
with embryonic death occurring around 9.5 days of development
due to cardiac insufficiency. Extensive marker analysis as well as
introduction of informative transgenes in the mutant background
suggests that Nkx2-52/2 hearts lack ventricular ballooning seg-
ments, a possible consequence of impaired dorsoventral patterning
in the anterior part of the heart.
104. Withdrawn.
105. Characterization of the Roles of a Novel T-Box Transcription
Factor, hrT, during Cardiovascular Development in Zebrafish.
D. P. Szeto, K. J. P. Griffin, and D. Kimelman. Department of
Biochemistry, Box 357350, University of Washington, Seattle,
Washington 98195.
Our laboratory has recently identified a novel T-box transcrip-
tion factor, hrT, which is likely an ortholog of the Drosophila H15
gene. The initial characterization of the hrT gene has shown that it
is expressed throughout all of the key steps of cardiogenesis. The
expression patterns of hrT are very similar to that of the nkx 2.5
gene, a cardiac-specific marker. In addition, the expression of hrT
has been detected in a number of other tissues, including the roof
of the dorsal aorta. The potential roles of hrT in vasculogenesis and
cardiogenesis were investigated by using the morpholino antisense
oligonucleotide injection approach. The phenotypic consequences
of zebrafish embryos injected with the hrT-specific morpholino
oligonucleotide include anomalous tail development, absence of
blood circulation, and dismorphic heart formation. The anomalous
tail development is marked by a dramatic decrease in tbx6 expres-
s of reproduction in any form reserved.
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195SDB Meeting Abstractssion which is potentially required for the tail mesoderm formation.
The absence of blood circulation is marked by altered gene expres-
sion of flk-1 and scl-1, which have been shown to be essential for
dorsal aorta development. The dismorphic heart defect is marked
by morphological alterations in looping and chamber formation.
These observations provide strong evidences that hrT plays an
important role in cardiovascular development and tail mesoderm
formation.
106. Distinct Mechanisms Regulate Slow Muscle Development
during the Embryonic and Larval Periods. M. J. F. Barresi, J. A.
D’Angelo, L. P. Hernandez, and S. H. Devoto. Wesleyan
University, Middletown, Connecticut.
Vertebrate muscle development begins with the patterning of
he paraxial mesoderm by inductive signals from midline tissues,
esulting in myotome formation. Subsequently, growth occurs as
ew muscle fibers are added. We show that in zebrafish new slow
uscle fibers are first added at the end of the segmentation period
n growth zones near the dorsal and ventral extremes of the
yotome. We have tested whether these newly added slow muscle
bers require an architecture of embryonic slow muscle fibers to
upport their development and whether their fate is regulated by
he same mechanisms that regulate embryonic muscle fates. We
reviously demonstrated that Hedgehog signaling through the
low-muscle-omitted gene product is required for the specification
f embryonic slow muscle fibers. Here, we show that in the
bsence of Hh signaling, new slow muscle fibers differentiate in the
arva at the correct time and place, despite the complete absence of
mbryonic slow muscle fibers to serve as a scaffold for the addition
f new slow muscle fibers. We conclude that the mechanisms
egulating the slow muscle cell fate during the embryonic and
arval periods are different.
07. Abstract #107 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
08. Engrailed1 Is Critical for Repression of Nail-Type Differen-
tiation in Mouse. Petra Kraus, ChunXiang Tong, and Cynthia
A. Loomis. Ronald O. Perelman Department of Dermatology
and Department of Cell Biology, NYU School of Medicine,
New York, New York 10016.
Limb appendages such as hairs, nails, and eccrine (sweat) glands
provide an ideal and easily accessible model system to study the
temporal and spatial interplay of genes critical during embryogen-
esis. We focus here on three important genes known for their role
in establishing early D-V limb patterning, En1, Wnt7a, and Lmx1b,
which structure the muscoskeletal elements of the limb and its
enveloping skin. Wnt7a in the dorsal limb ectoderm induces
xpression of Lmx1b in the underlying dorsal mesenchyme, while
n1 represses Wnt7a expression in the ventral limb ectoderm. In
his study, we conducted a morphological and molecular analysis
f distal limb phenotypes in En1, Lmx1b, and Wnt7a loss-of-
unction mice and demonstrate new roles for these genes. We show
hat ventrally restricted En1 is crucial for repressing nail ontogeny
n utero and postnatally. In contrast, dorsally restricted Wnt7a and
mx1b seem to be not required for specifying nail identity, al-
hough they are important for defining nail shape. Our studies
urther indicate that pad and nail mesenchyme have similar
nductive properties, despite their distinct positions along the D-V s
Copyright © 2001 by Academic Press. All rightxis. Both pad and nail mesenchyme induce nail-type differentia-
ion if En1 is absent in the overlying ectoderm. Importantly, En1
xhibits an additional role in promoting eccrine gland develop-
ent.
09. Surprising Expression Pattern of Cholesterogenic Enzymes
during Embryonic Mouse Development. Daniela Laubner,
Rainer Breitling, and Jerzy Adamski. GSF–National Research
Center, Institute of Experimental Genetics, Ingolstaedter
Landstrasse 1, 85764 Neuherberg, Germany.
Genetic disorders of cholesterol biosynthesis are the most com-
on cause of severe developmental malformations due to meta-
olic dysfunction. Affected patients exhibit craniofacial dysmor-
hism and limb and skin defects (Smith–Lemli–Opitz syndrome,
DPX2, CHILD, desmosterolosis). The pathogenic mechanisms
re not known, but some symptoms significantly resemble the
henotype of Hedgehog signaling mutants. To elucidate the disrup-
ive mechanism we investigated the expression of several choles-
erogenic enzymes in the mouse at various developmental stages
y mRNA in situ hybridization. From the first committed step
HMG-CoA reductase) through intermediate enzymes (sterol C3
ehydrogenase, ketosterol reductase, sterol D7-D8 isomerase) to the
nal reaction (7-dehydrocholesterol reductase), all enzymes share
he same unexpected expression pattern. In addition to a weak
biquitous expression, a strong well-defined staining is present in
orsal root ganglia and neural tube. Further foci of cholesterogen-
sis are observed in cranial ganglia, pharyngeal pouches, limb buds,
kin, and gut. The most intensive staining occurs at E11. Subse-
uent conversion of locally produced cholesterol to steroid hor-
ones is possible, but an endocrine function of cholesterogenesis
n these tissues is not likely, since large amounts of hormones are
upplied by the fetal adrenal and the placenta. These results point
o a specific spatially and temporally restricted function of choles-
erol biosynthesis in embryonic development possibly through a
ovel paracrine cholesterol derivative.
10. DWnt-4 Cooperates with Dfrizzled-2 to Regulate Cell Motil-
ity during Ovarian Morphogenesis. E. David Cohen and
Elizabeth Wilder. Department of Cell and Developmental
Biology, University of Pennsylvania School of Medicine,
Philadelphia, Pennsylvania 19104.
Wnt signaling regulates many processes, including cell motility
uring vertebrate convergent extension. The canonical Wnt path-
ay does not mediate this role in cell migration. However, lesions
ithin disheveled which disrupt planar polarity in Drosophila also
isrupt the activity of disheveled in vertebrate convergent exten-
ion. The pathway used to control cell migration may therefore
esemble the Drosophila planar polarity pathway. To analyze
oncanonical Wnt signaling in Drosophila, we have generated
utations in DWnt-4, a divergent member of the Wnt family. We
resent evidence that DWnt-4 is required for cell movement during
varian morphogenesis. The apical cell population, which migrates
o produce the ovariolar sheath, expresses DWnt-4. Apical cells
hat are mutant for DWnt-4 display aberrant morphology and fail to
igrate properly. Disheveled1, an allele that specifically removes
isheveled function in planar polarity signaling, similarly affects
he apical cell population. Surprisingly Drosophila Frizzled-2, a
even-pass transmembrane receptor involved in canonical Wnt
ignaling but not planar polarity signaling, is also required for
pical cell migration. These data suggest that an alternate Wnt
ignaling pathway, which contains shared components of both the
s of reproduction in any form reserved.
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196 Developmental Biology Volume 235, 2001canonical wnt and the planar polarity signaling pathways, mediates
DWnt-4 signaling during ovarian morphogenesis.
111. Genetic Screen Identifies Bicaudal-C, Kinesin Heavy Chain,
and Shark as Enhancers of Bullwinkle. D. H. Tran and C. A.
Berg. University of Washington, Seattle, Washington 98195.
Extracellular signaling is a common and critical factor in mor-
hogenetic processes. bullwinkle (bwk) functions in mediating
proper somatic follicle cell morphogenesis during the formation of
the dorsal appendages in oogenesis. Dorsal appendage formation
involves the conversion of an epithelial sheet into a three-
dimensional tube. bullwinkle is required in the adjacent germline-
derived cells, implicating a signal between the two cell types.
Furthermore, another somatic cell layer is interposed between the
migrating follicle cells and the germline suggesting that bwk
regulates either a secreted signal or the morphology/adhesiveness
of the intervening cells. This putative bwk pathway is independent
of the other known germline signal, encoded by the TGFa ligand
urken, that establishes initial dorsal follicle cell fate (Rittenhouse
nd Berg, 1995). bwk encodes an HMG box transcription factor
epresenting a novel subgroup of the TCF/SOX family. We con-
ucted a genetic screen to identify genes interacting with bwk
sing genomic deletions. Four deletions interacted strongly with
he bwk. Further characterization identified Bicaudal-C, Kinesin
eavy chain, and Shark as the interacting loci in two enhancing
eletions. Bicaudal-C is a KH domain RNA binding protein,
inesin heavy chain encodes the structural subunit of the kinesin
motor protein, and Shark is multidomain protein containing SH2,
ankyrin repeat, and a tyrosine kinase domains. Bicaudal-C and
bwk interact for several phenotypes suggesting a shared pathway.
Shark RNA shows an intriguing localization near germline mem-
branes. We will present data on the function of Shark in oogenesis
ia mosaic analysis. Kinesin I may be involved in the localization
r secretion of factors required for the morphogenesis. Additionally
e determined that the interacting loci in the other two deletions
ikely reside outside the deletion region. Recombination mapping
ill determine where these interacting loci lie.
12. Planarian Regeneration: A Classic Problem Enters the Era of
Functional Genomics. P. A. Newmark, S. Robb, R. Juste, S.
Saha, and A. Sa´nchez Alvarado. Department of Embryology,
Carnegie Institution of Washington, Baltimore, Maryland
21210.
The ability of freshwater planarians to regenerate completely
rom small body fragments has been known for over two centuries,
et the mechanisms underlying this remarkable developmental
lasticity remain obscure. Seeking to reintroduce the planarian as
model system in which to dissect regenerative mechanisms at the
olecular level, we have generated a collection of 4000 nonredun-
ant, expressed sequence tags (ESTs) from tissue-specific cDNA
ibraries. Large scale, whole-mount in situ hybridization screens
are being used to characterize the expression patterns of these
genes in the whole animal, providing molecular markers for
analyzing pattern restoration in the flatworm. Extending the ob-
servation that dsRNA-mediated genetic interference (RNAi) func-
tions specifically to inhibit gene expression in planarians, we show
that, as in Caenorhabditis elegans, ingestion of bacteria that
express dsRNA also inhibits gene expression in planarians. These
results pave the way for RNAi-based screens to identify genes
involved in regenerative processes, ranging from control of stem
Copyright © 2001 by Academic Press. All rightcell proliferation and differentiation to the regulation of growth and
proportion.
113. Pharynx Tubulogenesis during Caenorhabditis elegans De-
velopment. M. F. Portereiko and S. E. Mango. Huntsman
Cancer Institute Center for Children and Department of
Oncological Sciences, University of Utah, Salt Lake City,
Utah 84112.
During Caenorhabditis elegans embryogenesis, the pharyngeal
primordium develops from a ball of cells into a linear tube
connected anteriorly to the buccal cavity and posteriorly to the
midgut. Using GFP reporters localized to discrete subcellular
regions, we have shown that pharyngeal tubulogenesis occurs in
three stages: (i) lengthening of the nascent pharyngeal lumen by
reorientation of apicobasal polarity of anterior pharyngeal cells
(‘Reorientation’); (ii) formation of an epithelium by the buccal
cavity cells, which mechanically couples the buccal cavity to the
pharynx and anterior epidermis (‘Epithelialization’); and (iii) a
concomitant movement of the pharynx anteriorly and the epider-
mis of the mouth posteriorly to bring the pharynx, buccal cavity,
and mouth into close apposition (‘Contraction’) (Portereiko and
Mango, Dev. Biol., in press). We call this three-step process
‘pharyngeal extension.’ We have undertaken two approaches to
identify loci required for pharyngeal extension. First, we have used
RNA interference to determine the role, if any, of candidate genes
previously shown to be expressed in the pharynx. Second, we are
undertaking a mutagenesis screen to identify mutants that gener-
ate pun (pharynx unattached) phenotypes but are otherwise largely
normal. From 2000 haploid genomes, we have recovered seven Pun
mutants. Our current goals are to characterize the phenotypes of
the mutants and to continue screening.
114. Development of the Acetabularia acetabulum Vacuole: A
Model for Vacuolar Morphogenesis and Inheritance. P. A.
Garland, D. Ngo, P. Luethe, and D. Mandoli. University of
Washington, Seattle, Washington 98195-5325.
The giant unicellular alga Acetabularia acetabulum presents an
unique opportunity to study vacuoles. We used the pH-sensitive
dye neutral red to visualize the vacuole during development, to
measure the rate of movement of dye within the vacuole, and to
study the vacuole during hair senescence and inheritance. When
vegetative most of the rhizoid, the stalk and younger hairs stained
with dye suggesting that the vacuole is highly ramified in this
unicell. The vacuole filled all compartments of the reproductive
structure and was actively incorporated into the haplophase (ga-
metangia). Dye movement in the vacuole was slower than diffusion
within distilled water implying that the vacuole is more gel than
sol. When applied to small regions, dye moved at different rates
implying that not all regions of this large vacuole are alike. When
just the tip of a hair was stained, dye moved into the stalk from
younger hairs, but not from older hairs suggesting that hairs and
stalk were connected by one ramified vacuole only in young hairs.
The upper angle between the hairs and stalk correlated with hair
age. As the hair senescenced (.90°), the vacuole of the hair
disconnected from that in the stalk. Gametangial vacuoles differ in
dye color and in the shape and size of the staining pattern and we
suggest these observations may relate to development and inheri-
tance of the vacuole. Errors in incorporating the vacuole into
gametangia suggest a screen for genetic defects in vacuole inheri-
tance. Changes in vacuolar pH and our model of the vacuole as a
hydrogel will be presented.
s of reproduction in any form reserved.
197SDB Meeting Abstracts115. The invA Gene of Volvox Encodes a Novel Kinesin That Is
Required for Inversion of the Embryo. I. Nishii and D. L. Kirk.
Department of Biology, Washington University, St. Louis,
Missouri 63130.
Inversion, the morphogenetic process by which Volvox embryos
turn inside out, resembles gastrulation in certain regards. We are
using a transposon to tag and recover genes whose products are
required for inversion. A tagged mutant called InvA was studied
first, because its phenotype—a midinversion block—is so similar to
that of embryos treated with inhibitors of actin or myosin activity
(Development 1999, 126, 2117). DNA flanking the novel transpo-
son insertion of the InvA mutant was used to isolate a clone that
contains a gene, which we call invA, that is able to rescue the InvA
mutant by transformation. Transcripts of invA are abundant in
wild-type embryos just before and during inversion, but can not be
detected in the InvA mutant. Instead of the actin- or myosin-
associated protein that we had expected, invA encodes a microtu-
bule motor: a novel kinesin with a well-conserved N-terminal
motor domain, but a tail domain bearing no significant similarity
to any of the many kinesins in protein databases. We are now trying
to localize InvA protein in embryos cytologically, hoping to deter-
mine whether it may act as a link between microtubules and the
actin cytoskeleton. We have also identified a gene in the most
closely related unicell, Chlamydomonas, that encodes a protein
extremely similar to invA. We hope that comparative studies of
these two gene products may yield new insights into the way in
which the multicellular morphogenetic process of inversion arose
during evolution of Volvox, via cooption and modification of
cytoskeletal activities that had served different functions in the
ancestral unicell.
116. Regulation of Organ Shape in Arabidopsis by ERECTA
Receptor-like Kinase. Elena D. Shpak, Caroline A. B. Josefs-
son, and Keiko U. Torii. 544 Hitchcock Hall, Department of
Botany, University of Washington, Seattle, Washington
98195.
Development of multicellular organisms relies on coordinated
cell proliferation and differentiation. In animals, growth factor
receptor kinases play key roles in the cell differentiation and
development, either by stimulating or by inhibiting cell growth.
Arabidopsis genome contains over 500 genes encoding putative
receptor kinases (receptor-like kinases, RLKs). However, so far only
a few of these RLKs are known to regulate developmental process.
The Arabidopsis ERECTA (ER) promotes elongation of above-
ground organs (e.g., leaves, stems, and flowers). Cellular defects of
erecta mutants suggest that ERECTA promotes elongation of
organs most likely by regulating cell proliferation during organ
development. ER gene encodes a leucine-rich repeat (LRR) RLK
with functional serine/threonine kinase activity. Although,
ERECTA possesses structural domains similar to the other plant
LRR-RLKs (e.g., CLV1, Xa21) our results showed unique features of
ERECTA. The ERECTA gene has a distinct exon–intron structure,
which is essential for the gene function. Furthermore, sequencing
analysis of newly isolated erecta alleles implies that ERECTA
might have a mode of action distinct from other LRR-RLKs.
Arabidopsis also has two other ERECTA-LIKE genes (ERL1, ERL2).
Overlapping expression patterns of ERL1, ERL2, and ERECTA
suggest that these genes may have redundant functions.
117. Specification of Organ Identity by the Caenorhabditis legans
FoxA Protein PHA-4. J. Gaudet, M. Horner, S. Kim, and S. E.
Copyright © 2001 by Academic Press. All rightMango. University of Utah, Salt Lake City, Utah 84112; and
Stanford University Medical School, Stanford, California
94305-5427.
The pha-4 locus specifies organ identity during Caenorhabditis
elegans pharynx (foregut) development. Embryos that lack pha-4
activity fail to produce cell types normally found in the pharynx,
while ubiquitous pha-4 expression leads to ectopic production of
pharyngeal markers. How does pha-4 function at the molecular
level to establish pharyngeal identity? pha-4 encodes the C. elegans
ortholog of the winged helix transcription factor FoxA, suggesting
that pha-4 specifies pharyngeal fate by regulating gene transcrip-
tion. One possibility is that pha-4 functions at the top of a
hierarchy, directly activating a subset of early pharyngeal genes,
which then activate later downstream targets. At the opposite
extreme, pha-4 could directly regulate all pharyngeal genes,
whether they are expressed early or late. To distinguish between
these possibilities, we used a microarray approach to identify genes
expressed in the pharynx and analyzed those genes to determine
which were direct PHA-4 targets. Our findings suggest that PHA-4
directly activates most or all genes selectively expressed in the
pharynx. Furthermore, the affinity of PHA-4 for its binding sites
regulates the relative time of onset of the different target genes,
suggesting a subtle mechanism for coordinating expression tempo-
rally throughout a developing organ. Since FoxA proteins activate
genes expressed early (e.g., endoderm) and late (e.g., liver) in
vertebrate development, we suggest that global regulation of tran-
scription within the foregut may be a common feature of this
family of developmental regulators.
118. Molecular Integration of Signaling Activities and Tissue-
Specific Transcription Factors during Visceral Mesoderm
Specification of Drosophila. H. H. Lee, S. Zaffran, and M.
Frasch. Department of Biochemistry and Molecular Biology,
Mount Sinai School of Medicine, New York, New York
10029.
The Drosophila visceral mesoderm is derived from segmentally
arranged quadrants of cells in the early dorsal mesoderm. A key
event in specifying these early visceral mesoderm primordia is the
activation of the NK homeobox gene bagpipe (bap). Previous
studies have shown that the homeodomain protein Tinman (Tin)
and the BMP-related molecule Decapentaplegic (Dpp) activate bap
expression, while both wingless (wg) and the forkhead-domain gene
sloppy-paired (slp) inhibit bap expression in a segmental fashion.
Our genetic and molecular evidence shows that Wg signals from
the ectoderm directly induce striped slp expression in the under-
lying mesoderm. Slp, in turn, represses mesodermal bap expression
within the cells where it is expressed. Furthermore, we have
identified a bap enhancer element that is sufficient to direct lacZ
expression in the endogenous bap expression pattern. Tin, Bap, Slp,
and the Smad proteins Mad and Medea; all can bind to this
enhancer element and their binding sites contribute to the regula-
tion of bap expression in vivo. Thus we propose that binding of Tin,
Bap, and Smads synergistically activates bap, while the additional
binding of Slp prevents bap activation in a periodic fashion. Our
data also suggest the existence of activator that shares the same
binding site with Slp and is required to promote bap expression
between the slp stripes. One candidate, Biniou, which is a novel
forkhead-domain-containing protein and is expressed in the vis-
ceral mesoderm primordia, can bind to this site and is required to
maintain bap expression.
s of reproduction in any form reserved.
198 Developmental Biology Volume 235, 2001119. BMP Signaling Is Important for Mesoderm Specification and
Regulation of Neurectoderm Growth in Mouse Embryonic
Development. Shigeto Miura,* Michelle D. Tallquist,† Phil-
ippe Soriano,† and Yuji Mishina.* *Molecular Developmental
Biology Group, LRDT, NIEHS/NIH, RTP, North Carolina
27709; and †Program in Developmental Biology and Division
of Basic Sciences, Fred Hutchinson Cancer Research Center,
Seattle, Washington 98109.
Bmpr encodes a BMP type IA receptor (Alk3) for bone morpho-
genetic proteins (BMPs) 2 and 4. Bmpr mutant embryos die before
gastrulation stage. Because Bmpr is expressed throughout embryo
after gastrulation, Bmpr may have later roles. To asses this possi-
bility, we generated a Bmpr conditional allele. MORE (Mox 2 Cre)
mice express Cre recombinase only in epiblast and its derivatives
from E5.5. Mice heterozygous for Bmpr null allele and positive for
MORE transgene were mated with mice homozygous for Bmpr
conditional allele (Bmpr-fx/fx). Twenty-five percent of the offspring
should have Bmpr-null/Bmpr-fx; MORE genotype. Thus, 25% of
the embryos recovered would be expected to have wild-type ex-
traembryonic tissue and an epiblast which lost Bmpr. At E7.5, 42
embryos were collected to examine their gross morphology and
histology. Except one embryo, they appeared normal. Thus, when
extraembryonic tissue is wild type, Bmpr mutant epiblast would
undergo normal gastrulation. However, from E8.0 afterward, we
found mutant embryos showed abnormal phenotypes. Histological
analysis of mutants of E7.5–8.0 showed high proliferation of
neuroectoderm. At E8.5, mutants started to develop neural tube
which were often branching. Mesoderm derivatives such as
somites, notochord, and blood island also developed. However,
somites were irregularly positioned and we could not observe
structures corresponding to heart tissue. Whole mount in situ
analysis using heart markers suggested heart did not develop in
mutants. These observations suggest that BMP signaling in ex-
traembryonic tissue is critical for the initiation of gastrulation. In
addition, our results indicate that BMP signaling in epiblast is
important for mesoderm specification and regulation of neurecto-
derm growth.
120. Chick–Quail Chimerism Proves the Mesenchymal Origin of
Bursal Secretory Dendritic Cell. N. Nagy, A. Magyar, and I.
Ola´h. Department of Human Morphology and Developmental
Biology, Faculty of Medicine, Semmelweis University,
Budapest-1094, Hungary.
In mammals the origin of the lymphoid dendritic cell is still
controversial. It was suggested that the dendritic cells come from
reticular, hemopoietic, and mesenchymal cells transformed in
loco. We have studied the development of the bursa of Fabricius,
which is responsible for B lymphocyte maturation. Novel mono-
clonal antibody (mAb), designated NIC2, recognizes a cell popula-
tion in the mesenchyme of the bursal rudiment. The follicule
formation has been preceded by entering of NIC2-positive cells the
surface epithelium, which induces bud formation. The NIC2-
positive cells in the epithelial bud differentiate to secretory den-
dritic cell. Chimeric experiments were made to clarify the origin of
the secretory dendritic cells. The bursal rudiments of 6.5-day-old
quail embryos were transferred to peritoneal cavity of developmen-
tally matched chicken embryos. The grafted quail bursas were
populated with chicken hemopoietic precursors indicated by the
Bu-1b-positive B cells. The lack of Bu-1a-positive cells—
characteristic for quail B cells—in the grafted bursas showed that it
not yet received hemopoietic precursor cells before grafting. The
Copyright © 2001 by Academic Press. All rightQCPN mAb recognizes quail cell nuclei, while antivimentin
identifies intermediate filaments in dendritic cells. In the grafted
quail bursas, the presence of double positive cells (QCPN and
vimentin) in the medulla of the follicles indicated that the precur-
sors of the bursal dendritic cells are not blood-borne hemopoietic
cells, because at grafting were already present in the quail bursal
rudiment. This observation proved that the bursal secretory den-
dritic cells differentiated in loco from the bursal mesenchyme.
121. Tissue-Specific Knockout of Smoothened Reveals a Critical
Role for Hedgehog Signaling in Chondrocyte Proliferation.
Fanxin Long, Xiaoyan Zhang, and Andrew P. McMahon.
Department of Molecular and Cellular Biology, Harvard Uni-
versity, Cambridge, Massachusetts 02138.
Indian hedgehog (Ihh), one of the three mammalian Hedgehog
proteins, plays an essential role in endochondral bone development
by regulating chondrocyte proliferation, differentiation, and osteo-
blast differentiation. Smoothened (Smo) is a transmembrane pro-
tein that transduces Hedgehog signals. To investigate further the
regulatory functions of Indian Hedgehog (Ihh) during endochondral
bone formation, we have used the CRE-LoxP approach to remove
Smo activity in chondrocytes. These animals develop shorter long
bone when compared to wild-type littermates. In contrast to
Ihh2/2 mice, chondrocyte differentiation appears to be relatively
normal, and osteoblast differentiation does occur. However, like
Ihh2/2 mice, proliferation of chondrocytes is markedly reduced:
Brdu analyses at E14.5 show that proliferation is about 50% of that
of the wild type. This result suggests that Ihh directly regulates
chondrocyte proliferation. By expressing either Ihh or a constitu-
tively active Smo allele (Smo*) specifically in the cartilage using
the bigenic UAS-Gal4 system, we demonstrate that proliferation of
chondrocytes is significantly increased. Thus, activation of the Ihh
signaling pathway is sufficient to promote chondrocyte prolifera-
tion. Taken together, the present study establishes Ihh as a key
mitogen in the endochondral skeleton.
122. Study on the Role of Epidermal Growth Factor in Chondro-
genesis. K. M. Phoebe Ng, S. E. Kathryn Cheah, W. C. Richard
Wong, and S. Y. Chan. The University of Hong Kong, Hong
Kong, China; and The University of Tokyo, Tokyo, Japan.
In the growth plate, chondrocytes go through stages of rest,
proliferation, and hypertrophy. The hypertrophic chondrocytes are
important in synthesis of the extracellular matrix. Our previous
study has shown that epidermal growth factor (EGF) is expressed
mainly in hypertrophic chondrocytes. Transgenic mice overex-
pressing EGF were stunted and the growth plate was abnormal. We
therefore hypothesize that EGF may play a role in chondrogenesis.
To test this, we are generating transgenic mice which overexpress
EGF specifically in the proliferative zone of the growth plate. We
employ gene targeting to “knock-in” EGF into the ColIX locus.
Collagen IX is expressed only in the proliferating chondrocytes and
heterozygous mutants are normal. By overexpressing EGF in the
proliferative zone, we shall study the morphological changes in the
growth plate and the expression of molecular markers by the
chondrocytes.
123. Commitment and Differentiation of Avian Head Muscles. D.
Noden, X. Borue, and R. Marcucio. Cornell University, Ithaca,
New York 14853; University of California at San Francisco,
San Francisco, California 94143.
s of reproduction in any form reserved.
v
p
u
f
i
v
H
a
m
b
t
b
t
b
e
1
d
t
t
p
a
i
g
M
d
i
(
c
t
M
l
o
d
B
c
r
fi
t
p
M
t
1
1
e
r
n
e
t
t
p
M
a
w
199SDB Meeting AbstractsInteractions necessary for the initial commitment of unseg-
mented head paraxial mesoderm cells to myogenic lineages and for
the expression of fiber types unique to eye and branchial muscles
remain undefined. To elucidate these, newly formed quail epaxial
or hypaxial hemimyotomes were grafted in place of specific chick
head muscle precursors. Grafted cells form both anatomically
normal and ectopic muscle masses. The anatomically normal
muscles had fiber types appropriate for their location; thus signals
necessary for initiation and continuation of myogenesis by trunk
mesoderm are present in the head. Ectopic muscles formed by
grafted trunk mesoderm express myf5 and myoD earlier than is
normal for head muscles. This precocial differentiation may pre-
vent grafted cells from interacting with adjacent neural crest cells
and subsequently moving to their sites of maturation. Grafted
trunk mesoderm does not contribute to certain head muscles, such
as the mandibular depressor. Perhaps myotome cells, most of
which normally form epaxial/hypaxial muscles constituted by
slow myosin-expressing myocytes, cannot participate in the gen-
eration of head muscles that have only fast myosin-expressing
primary myocytes. To further test neural crest–mesoderm interac-
tions, quail crest progenitors were grafted in place of their coun-
terparts in the chick, taking advantage of species differences in the
fiber types of some eye muscles. In these embryos, some muscles
develop with fiber types appropriate for the donor species, indicat-
ing that interactions with connective tissue precursors direct fiber
type expression in head myocytes. (Funded by NIH Grant
DE06632.)
124. Evolutionary Conservation of Hoxc13. R. Thummel, M. P.
Sarras, and A. R. Godwin. University of Kansas Medical
Center, Kansas City, Kansas 66160.
Antennapedia-class homeobox containing (Hox) genes are in-
olved in specifying the mammalian body plan along the anterior–
osterior axis. In addition, Hox genes are used for patterning of the
rogenital system, the limb bud, and, perhaps, the skin. After the
unction in early patterning, Hox genes may be used for other roles
n late fetal or postnatal development. Hoxc13 expression in mice
has been well documented. Its pattern of expression extends to all
epidermal appendages that express the hair keratins, including
every hair follicle, the nails, the vibrissae, and the filiform papillae
of the tongue. Mice carrying targeted mutations in Hoxc13 have
defects in these areas. One explanation for these defects is that
Hoxc13 directly controls the expression of the hair keratins or
some of the other hair structural proteins. As one means of
exploring this theory, we are interested in the evolutionary conser-
vation of Hoxc13 and have begun isolating Hoxc13 from other
ertebrate species. We have found a high degree of conservation of
oxc13 amino acid sequence in mammals examined thus far. We
re now extending our analysis of Hoxc13 conservation to non-
ammalian vertebrates, as we are interested in how Hoxc13 has
een conserved in species that use different structural proteins for
he formation of their epidermal appendages. We have chosen to
egin this work with zebrafish, which has been previously shown
o contain two Hoxc13 orthologs. We have sequenced both ze-
rafish Hoxc13 orthologs, and we are beginning to analyze their
xpression patterns.
25. Rescue of Cleft Palate in Msx1-Deficient Mice by Transgenic
Bmp4 Reveals a Role of BMP and SHH Signaling in Mamma-
lian Palatogenesis. Zunyi Zhang, Yiqiang Song, Xiang Zhao, t
Copyright © 2001 by Academic Press. All rightXiaoyun Zhang, and YiPing Chen. Tulane University, New
Orleans, Louisiana 70118.
Cleft palate, the most frequent congenital craniofacial birth
efects in humans, arises from genetic or environmental perturba-
ions in the multistep process of palate development. Mutations in
he MSX1 homeobox gene are associated with nonsyndromic cleft
alate and tooth agenesis in humans. We use Msx1-deficient mice
s a model system that exhibit severe craniofacial abnormalities,
ncluding cleft secondary palate and lack of teeth, to study the
enetic regulation of mammalian palatogenesis. We show that
sx1, which is expressed in the mesenchyme of anterior portion of
eveloping palate, is required for the expression of Bmp4 and Bmp2
n palatal mesenchyme and Shh in the medial edge epithelium
MEE). Cleft palate in the Msx1 mutants results from a defective
ell proliferation in palatal mesenchyme. Transgenic expression of
he human Bmp4 driven by the mouse Msx1 promoter to the
sx12/2 palatal mesenchyme rescues cleft palate and neonatal
ethality. Associated with the rescue of cleft palate is a restoration
f Shh and Bmp2 expression as well as cell proliferation. We further
emonstrate that Shh in the MEE activates in the mesenchyme
mp2 expression that in turn stimulates cell division. Msx1 thus
ontrols a genetic hierarchy involving BMP and SHH signaling
egulating palatal growth during mammalian palatogenesis. Our
ndings provide evidence for the cellular and molecular etiology of
he nonsyndromic clefting associated with Msx1 mutations. (Sup-
orted by the NIH Grants R01DE12329 and P60DE13076 and the
illennium Trust Health Excellence Fund (HEF-2000-05-04) from
he Louisiana Board of Regents.)
26. Abstract #126 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
27. The Role of Msx1 and Bmp4 in Digit Tip Regeneration of
Mice. M. Han and K. Muneoka. Department of Cell and
Molecular Biology, Tulane University, New Orleans, Louisi-
ana 70118.
Adult and embryonic mouse digits exhibit level-specific regen-
ration that correlates with the presence of the nail organ. No
egeneration response occurs after digit amputation proximal to the
ail, whereas digits amputated through the nail successfully regen-
rate. Msx1, Msx2, and Bmp4 are expressed in the developing digit
ip, in the nail bed, and during regeneration of embryonic digits. To
est whether Msx1 plays a role in the regeneration response, we
erformed in vivo and in vitro regeneration studies with the
sx1-knockout mice. Hindlimb digits (D2, D3, and D4) were
mputated at a distal level by exo utero surgery at the stage of
E14.5. Three days after amputation, the regenerative response in
homozygous mutant is reduced to 37%, compared to 89% in
wild-type and 80% in heterozygous mutants. We have developed an
organ culture protocol that is permissive for regeneration and show
similar results using the Msx12/2 digits. At 3 days postamputa-
tion, the in vitro regeneration response in homozygous mutant is
50%, compared to greater than 90% in wild-type and heterozygous
mutants. In all of our studies a regenerative response is associated
with the expression of Msx2 and Bmp4, and these genes are not
expressed in the absence of a regeneration response. Using the
organ culture assay we have found that application of BMP4 to the
culture medium induces digit tip regeneration in Msx12/2 digits,
hile showing no obvious enhancement of regeneration in wild
ype digits. Thus, we conclude that Msx1 and Bmp4 are crucial
s of reproduction in any form reserved.
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200 Developmental Biology Volume 235, 2001factors in digit-tip regeneration and that Bmp4 acts downstream of
Msx. (Supported by HD 35245.)
128. Genetic Analysis of Zebrafish Fin Regeneration. Kenneth D.
Poss, Alex Nechiporuk, Stephen L. Johnson,* and Mark T.
Keating. Howard Hughes Medical Institute, Children’s Hos-
pital, Boston, Massachusetts 02115; and *Department of
Genetics, Washington University, St. Louis, Missouri 63110.
Teleost fish and urodele amphibians possess remarkable abilities
o regenerate injured organs. For instance, these vertebrates can
unctionally heal a severed spinal cord or optic nerve and will
egrow appendages following amputation. However, molecular
echanisms underlying such processes are inadequately under-
tood. Zebrafish represent an excellent teleost model for complex
issue regeneration. Adult zebrafish can regenerate any of their five
n types following amputation, with complete regrowth of the
issing structures occurring within 2 weeks. Fin regeneration is
haracterized by (1) formation of a wound epidermis; (2) disorgani-
ation and distal migration of mesenchymal cells proximal to the
mputation plane; (3) proliferation of these mesenchymal cells to
orm the regeneration blastema; and (4) continued distal blastemal
roliferation to facilitate outgrowth and proximal blastemal differ-
ntiation to replace missing structures. To reveal factors that are
ecessary for fin regeneration, we have chemically mutagenized
ebrafish and screened families generated by parthenogenesis for
efects in adult caudal fin regeneration. We have identified six
utant strains that show temperature-sensitive regenerative
locks, currently referred to as “gro” mutants, from analysis of 227
arly pressure-derived families. We have anatomically character-
zed the regenerative blocks in four of these mutant strains and
ave determined how the expression of molecular markers is
ffected in each strain. Interestingly, by these analyses, each strain
emonstrates a block at a unique stage of fin regeneration. Three
oci required for fin regeneration, called gro5, gro10, and gro20,
ave been isolated by genetic mapping, and we are working to
ositionally clone the responsible molecular disruptions. Our stud-
es indicate that factors mediating vertebrate regeneration can be
dentified using classic genetic approaches. A large-scale screen is
n progress to detect a significant proportion of the genes required
or fin regeneration.
29. A Role for the LIM Domain Cofactors Clim2/Ldb-1/Nli in
Hair Follicle Regulation. E. I. Kudryavtseva,* I. Chen,* T. M.
Sugihara,* and B. Andersen.*,† *Departments of Medicine,
Division of Endocrinology and Metabolism, UCSD, La Jolla,
California 92093; and †UCI, Irvine, California 92697.
The transcriptional coactivators Clim/Ldb/Nli interact with
nuclear Lim-domain-containing molecules as well as with some
other transcription factors and can play important roles in pro-
cesses of development and cell differentiation by affecting the
formation of higher order activation complexes. Clim2, one of
these Lim-domain binding proteins, is highly expressed in epider-
mis and in the outer root sheath and matrix cells of hair follicles,
where it interacts with the LIM only factor LMO4. To study the
possible involvement of Clim2 in skin development, we generated
a strain of transgenic mice expressing the dominant-negative form
of Clim2 (dnClim2) under the control of the keratin 14 (K14)
promoter. Expression of the K14 promoter is restricted to the basal
cell layer of the epidermis and the outer root sheath of hair follicles.
Beginning from the second hair cycle, K14-dnClim2 mice gradually
developed hairless phenotype. Histological analysis has shown that
Copyright © 2001 by Academic Press. All rightthe first hair cycle and the beginning of the second hair cycle in
K14-dnClim2 mice are normal. However, the second catagen
appears to be delayed. Morphologically hair follicles at this stage
resemble the last step of normal anagen, but their growth and
development are arrested, blocking the beginning of the third hair
cycle. Our results suggest that Clim2/LMO4 transcriptional com-
plexes play an important role in control of the hair cycle.
130. Overexpression of a Soluble Dominant Negative FGFR1 and
SPRY2 Affects Craniofacial and Feather Development.
Markus Mandler and Annette Neubu¨ser. Institute of Molecu-
lar Pathology, Dr. Bohr-Gasse 7, A-1030 Vienna, Austria.
The vertebrate face develops from the facial primordia, which
become visible at early somite stage as small swellings around the
primitive mouth and quickly increase in size as a consequence of
neural crest cell migration into the facial region and subsequent
cell proliferation. Several members of the FGF family are expressed
in the ectoderm covering the early facial region and have been
implicated as regulators of facial patterning and morphogenesis.
Since experiments in vitro suggest that certain members of the FGF
family may serve redundant functions when coexpressed, we have
used avian retroviruses to overexpress a soluble dominant negative
FGFR1 or SPRY2 in the prospective facial region in order to study
the function of FGF signaling for facial development. Chicken
embryos infected with either virus develop severe skeletal abnor-
malities ranging from loss of skeletal elements to severe fusions of
facial bones. In addition, infected embryos also showed abnormal
feather development including loss of feathers or fusion of devel-
oping feather buds. These phenotypes strongly indicate an essential
role of FGF signaling for craniofacial and feather development, and
a detailed description of phenotypes will be presented.
131. In Vitro Studies of the Discrete Steps in the Development of
Mouse Rathke’s Pouch. A. S. Gleiberman, E. I. Kudryavtseva,
and M. G. Rosenfeld. School of Medicine, UCSD, La Jolla,
California 92093.
We have used collagen gel organ culture in serum-free chemi-
cally defined medium and monolayer culture to study the devel-
opmental potential of mouse anterior pituitary primordium, Rath-
ke’s pouch (RP). RP isolated from E9–9.5 mouse embryos generally
do not grow well. However, they survive several days and a few
corticotropes and gonadotropes were present in explants after 3–4
days of cultivation. It shows that at E9.5 mouse RP is already
committed to an anterior pituitary fate but is incapable of autono-
mous growth and full-scale differentiation. To complete the devel-
opmental program, E9.5 RP requires signaling from the ventral
diencephalon. RP from E10.5 mouse embryos are capable of au-
tonomous growth and limited differentiation. Corticotrope and
gonadotrope, but not Pit-1 lineages, differentiated in these ex-
plants. Finally, RP from E11.5 mouse embryos were capable of
full-scale anterior pituitary differentiation under these conditions.
A proper dorsoventral gradient distribution of transcription factors
Isl-1, Lhx3, Prop-1, and Pit-1 and all anterior pituitary hormone-
producing cell types were detected in these explants after 5–6 days
of cultivation. Cells from E11.5 RP, but not from E9.5–10.5 RP, can
be propagated at least several passages (more than 30 days) in
monolayer culture. They lost almost all pituitary markers after
several days of cultivation but preserved at least a limited compe-
tence to pituitary development. Significant numbers of cortico-
tropes and gonadotropes were found when cells from monolayer
s of reproduction in any form reserved.
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diencephalon from e10.5–e11.5 mouse embryos.
132. Pitx2 Is Required at Multiple Stages of Pituitary Organogen-
esis: Formation of the Pituitary Primoridum and Cell Speci-
fication. Hoonkyo Suh, Philip J. Gage, Jacques Drouin, and
Sally A. Camper. University of Michigan, Ann Arbor, Michi-
gan 48109; and Institute de Recherches Cliniques de Mon-
treal, Montreal, Quebec, Canada.
Pitx2is a bicoid-related homeobox gene expressed in embryonic and
dult pituitary gland and other selected organs. In humans PITX2
mutations cause Rieger syndrome (RGS), a haploinsufficiency disor-
der characterized by eye, tooth, and umbilical defects, and occasion-
ally growth hormone deficiency. Analysis of Pitx2 mutants with
hypomorphic (Pitx2 neo) and Pitx2 null alleles reveals a dosage-
sensitive requirement of multiple organs for Pitx2. We report the
mechanism of Pitx2 dosage dependency in the pituitary gland and
evidence for an essential role of the PITX gene family in early pituitary
organogenesis. Pitx2 is required for formation of the pituitary primor-
ium (Rathke’s pouch) in early development. At later stages dimin-
shed levels of PITX2 interfere with specification and expansion of
entral and caudomedial pituitary cell types. In vitro and in vivo studies
eveal that reduced levels of PITX2 result in attenuated or absent
xpression of critical downstream transcription factors, providing a
echanistic understanding of PITX2 action. The pituitary phenotype of
itx2 hypomorphs is similar to that of Pitx1 null homozygotes. The
pituitaries of mice doubly homozygous for Pitx1null and Pitx2neo are more
severely affected than homozygotes for either allele. Moreover, Pitx12/2;
Pitx22 /2 mutants have no sign of pouch formation suggesting that
Pitx1 and Pitx2 act as master genes in pituitary ontogeny. The
mechanism proposed here will contribute to a better understanding of
Pitx2 function in other Pitx2-dependent organs.
133. Dorsal–Ventral Patterning in Xenopus Inner Ear: Ablation
and Wnt-3a Studies. C. A. Forristall and A. Collazo. Univer-
sity of Redlands, Redlands, California 92373; and House Ear
Institute, Los Angeles, California 90057.
The vertebrate inner ear develops from an ectodermal thick-
ening of the head called the otic placode that subsequently
invaginates to form the spherical otocyst. Some of the earliest
symmetry breaking events occur along the dorsal–ventral axis
just as the otocyst forms. From the ventral half, cells begin to
delaminate and form the auditory ganglion while in the dorsal
half Xwnt-3a expression begins and stays until late tadpole
stages (Nieuwkoop and Faber 401). The role of Xwnt-3a within
the ear is unknown. To begin the analysis of its function,
ablations of the dorsal or ventral halves at early otocyst stages
were performed. The two halves gave rise to very different ears.
Ablation of the dorsal half gave rise to full-size (or larger) ears
lacking otoliths, semicircular canals, and the endolymphatic
duct. The number of sensory organs was reduced to approxi-
mately two from the five normally visible at this stage. In
contrast, half-sized ears were formed when the ventral half was
ablated, but the resulting ears contained at least one semicircu-
lar canal and otolith (versus the normal three canals and two
otoliths) and usually had three to four sensory organs. The
endolymphatic duct, which grows out from the dorsal half at late
otocyst stages, was also present. These results suggest that the
majority of growth results from the ventral half of the ears and
that the regenerative potential of these half ears differs greatly
along the dorsal–ventral axis. Further manipulations of the
Copyright © 2001 by Academic Press. All rightWnt-3a-expressing region are being conducted to test its role in
inner ear development. (Supported by NOHR and NIH.)
134. Withdrawn.
135. Withdrawn.
136. The Role of Eya Genes during Mammalian Organogenesis. P.
Xu, R. Maas, Cody Buller, H. Peters, and Xin Xu. McLaughlin
Research Institute, Great Falls, Montana 59405.
Eyes absent (Eya) genes have been implicated in organogenesis in
both vertebrates and invertebrates. Mutations in human EYA1 cause
congenital branchiootorenal (BOR) syndrome and targeted inactiva-
tion of murine Eya1 impairs early developmental processes in mul-
tiple organs. We have examined the role of Eya1 during the morpho-
genesis of pharyngeal endocrine organs, including thymus,
parathyroid, and thyroid. The thymus and parathyroid are derived
from the third pharyngeal pouches, and the formation of both organs
is initiated via inductive interaction between neural-crest pharyngeal
arch mesenchyme and pouch endoderm. Eya1 is expressed during
thymus and parathyroid gland development from E9.5 and the organ
primordia for both of these structures failed to form in Eya12/2
embryos. These results indicate that Eya1 is required for the initiation
of thymus and parathyroid gland formation. Eya1 is also expressed in
the fourth pharyngeal pouches, but is not expressed in the developing
thyroid gland. Eya12/2 mice show thyroid hypoplasia, with severe
reduction in the number of both follicular and parafollicular cells and
lack of fusion between the ultimobranchial bodies and the thyroid
lobe. These data indicate that Eya1 also regulates mature thyroid
gland formation. In addition, we have shown that in Eya12/2
pharyngeal arches, Msx1-expressing neural crest cells are largely
reduced in number at E10.5 and Six1 expression in the neural crest at
E9.5–10.5 was not detectable, indicating that the defect detected in
the neural crest may account for the defective pharyngeal endocrine
organ formation in Eya12/2 mice.
137. FGF Receptor and BMP7 Signaling Cooperate in Lens Induc-
tion. Sonya C. Faber, Helen P. Makarenkova, Patricia Diman-
lig, and Richard A. Lang. Skirball Institute for Biomolecular
Medicine, Developmental Genetics Program, Cell Biology
and Pathology Departments, New York University Medical
Center, 540 First Avenue, New York, New York 10016.
We describe experiments showing that fibroblast growth factor
receptor (FGFR) activity is required for early lens development and
that there is cooperation with BMP7. The involvement of an FGFR
is indicated by the lens development defects that arise in transgenic
mice (designated TFR) that express a dominant-negative FGFR1IIIc
in the lens lineage from E8.75. Defects include a small lens pit,
failure of the lens vesicle to separate from the surface ectoderm,
and small lenses subsequently. Cooperation between FGFR and
BMP7 signaling during lens development is demonstrated by the
exacerbated lens phenotype when the heterozygous BMP7 condi-
tion is added to the TFR transgenics. To define the genetic
pathways for lens induction, we have examined the expression
level of the lens lineage markers Pax6, FoxE3, and Sox2 in wild-
type mice and in those where BMP7 and/or FGFR signaling is
perturbed. Dramatically reduced levels of marker expression sug-
gest a pathway where FGFR and BMP7 signaling converge on Pax6
with FoxE3 positioned downstream. This analysis, when combined
s of reproduction in any form reserved.
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202 Developmental Biology Volume 235, 2001with previous experimentation, allows us to define a genetic
pathway describing lens induction and development.
138. A Role for Sonic Hedgehog in Fetal Thymus Development.
Billie A. Moore and Nancy R. Manley. Institute for Molecular
Medicine and Genetics, Medical College of Georgia, Augusta,
Georgia 30912.
Sonic hedgehog is a signaling molecule that has multiple func-
ions during development including regulation of organogenesis.
ownregulation of Shh expression is an important factor in the
evelopment of organs that are derived, like the thymus, from
ndoderm. The thymus originates from a common thymus/
arathyroid primordium derived from the third pharyngeal pouch
t e11.0. As part of an investigation to understand the genetic
athways that are involved in thymic organogenesis we discovered
hat the Shh null mutants have a thymus that is abnormal.
natomically, the mutant thymus remains attached to the pharynx
nd therefore fails to migrate properly. Using antibodies to keratins
and 8 we found that Shh mutants had a high percentage of
5/K8-positive epithelial cells compared to wild type, suggesting a
efect in thymic epithelial cell differentiation. The Shh expression
atterns within the pharyngeal endoderm suggests a role for Shh in
he initial steps of thymic organogenesis. We found that Shh
xpression is throughout the pharyngeal endoderm but is absent
rom the third pharyngeal pouch. Therefore, like in the pancreas,
ownregulation of Shh expression may be necessary for initiation
f thymic organogenesis. We are currently analyzing the expression
f Shh pathway members as well as of marker genes in thymus
Foxn1), parathyroid (Gcm2). and both thymus/parathyroid (Pax1,
oxa3) development. Our results suggest that Shh plays an impor-
ant role in both thymus development and differentiation.
39. ITIH-4, a Serine Protease Inhibitor, Plays a Prominent Func-
tional Role in IL-6-Induced Hepatocyte Formation. C. Banu-
mathy,* Y. Tang,* C. Fox,† B. Mishra,‡ and L. Mishra.*
*DVAMC, Washington, DC, and Fels Cancer Institute,
Temple University, Philadelphia, Pennsylvania; ‡CGTB, NH-
GRI, NIH, Bethesda, Maryland; and †Department of Surgery,
Walter Reed Army Medical Center, Washigton, DC.
Background. Inter-a-trypsin inhibitor-4 (Itih-4) is a member of a
family of serine protease inhibitors that are important in matrix
stabilization seen in normal development and tissue remodeling.
Itih-4 encodes a 104-kDa protein with two EF-hand motifs, a
unique short loop with potential calcium binding function, its
expression being restricted to liver tissue. The functions of these
proteins include inhibition of leukocyte acrosin, cathepsin G,
plasmin, and chymotrypsin, as well as binding to hyaluronic acid.
However, the physiological role of Itih-4 is not known. Aim. To
etermine the functional role of Itih-4 in liver formation and
egeneration (LR). Methods. (1) Immunohistochemical analysis
tilizing a polyclonal antibody to Itih-4 and RT PCR were carried
ut in mouse liver tissues after adult partial hepatectomy (PH). (2)
abeling with anti-Itih-4 was performed in mouse tissues from
mbryonic days 9 to 16 3. Similar analysis for Itih-4 was performed
n liver explants cultured with IL-6 and TNF-a. (4) GST fusion
tih-4 protein binding to calcium and hyaluronic acid was deter-
ined with Sephadex G-25 chromatography as well as colorimetric
mmunoassays. Results. (1) In LR, maximal Itih-4 expression was
bserved at 30 min and 12 h, predominantly centrizonal in distri-
ution. (2) Itih-4 expression was prominent in early liver develop-
ent at day 9 and reached a second peak at day 16, being restricted
Copyright © 2001 by Academic Press. All righto hepatoblasts, immature hepatocytes, and differentiated hepato-
ytes. (3) A marked increase in Itih-4 labeling was noted in
roliferating hepatocytes, but not bile duct cells in liver explant
ultures treated with IL-6 (100 units/ml), but not seen in explants
ultured with TNF-a. (4) The fluorescence emission spectrum of
metal-free ITIH-4 showed a maximum at 332 nm with no change
on addition of 5 mM Ca. The GST fusion protein was recovered in
the void fraction with no protein binding to the column. Similarly
covalent binding of Itih-4 to hyaluronic acid was not detected.
Conclusions. In LR, Itih-4 expression corresponds to that of imme-
diate early genes, such as c-myc, c-fos, c-jun, and IGFBP-2, and may
ontribute to the entry of normally quiescent hepatocytes into the
arly stages of the cell cycle. The markedly high expression of
tih-4 in early liver development and in explants treated with IL-6
uggest a prominent role for Itih-4 in the tissue remodeling that
ccurs during regenerative and developmental aspects of liver
ormation.
40. Abstract #140 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
41. The Roles of FGFs, BMP4, and SHH in Transdifferentiation of
Mouse Tracheal Epithelium in Mesenchyme-Free Culture.
B. A. Hyatt, J. A. Whitsett, and J. M. Shannon. Children’s
Hospital Medical Center, Cincinnati, Ohio 45229.
Epithelial–mesenchymal interactions are important for lung
orphogenesis and cytodifferentiation. Molecules such as the
GFs, BMP4, and SHH have been shown to mediate signaling that
s important to these processes. We have employed a culture
ystem to study the effects of these molecules on lung epithelial
ifferentiation without the influence of mesenchyme. Tracheal
pithelium, which in the rat can be reprogrammed to express a
istal lung epithelial phenotype, was used to test the ability of
hese molecules to promote growth and specify distal lung differ-
ntiation. Different FGFs exhibited distinct abilities to induce
pithelial growth and expression of the distal lung epithelial
arker, surfactant protein C (SP-C), while all FGFs appeared to be
ble to induce BMP4 expression. Expression of SHH was not
pregulated under conditions known to induce SP-C expression.
GF1 induced the strongest expression of SP-C, as measured by
hole-mount in situ hybridization and quantitative real-time PCR
SmartCycler, Cepheid). Addition of BMP4 with FGF1 resulted in
nhibition of both growth and expression of SP-C; inhibition of
MP4 signaling was able to reverse these effects. Tracheal epithe-
ium cultured under conditions containing FGF10 failed to express
P-C and showed little growth. These data suggest that BMP4 and
HH may not be involved in specification of distal lung epithelial
ifferentiation. (Supported by a Franklin D. Roosevelt Fellowship
rom the March of Dimes and a Pulmonary and Cardiovascular
evelopment Training Grant (T32 HL07752) from NHLBI.)
42. Hlx Homeobox Transcription Factor Downstream Targets
Identified in Hlx Knockout Mesenchymal Cell Lines. M. D.
Bates,* D. A. Persons,† L. C. Schatzman,* R. P. Harvey,‡ and
S. S. Potter.* *Children’s Hospital Medical Center, Cincin-
nati, Ohio; †St. Jude Children’s Research Hospital, Memphis,
Tennessee; and ‡Victor Chang Cardiac Research Institute, St.
Vincent’s Hospital, Darlinghurst, New South Wales, Austra-
lia.
s of reproduction in any form reserved.
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203SDB Meeting AbstractsHlx is a homeobox gene expressed in developing mouse intesti-
nal and hepatic mesenchyme and is required for normal growth of
these organs. Nominally Hlx-expressing cell lineages are present in
Hlx2/2 embryos, which allowed isolation of mesenchymal cell lines
n which Hlx could be differential expressed to allow identification
f downstream targets. All cell lines expressed the Hlx knockout
llele as well as various combinations of transforming growth
actor-b1, hepatocyte growth factor, and laminin-a4. Hlx promoter
egments actively drove reporter gene expression in these cells.
hey have been passaged .50 times since cloning with no change
n growth or morphology. To add Hlx back to the cells, we prepared
icistronic retroviral vectors expressing FLAG-tagged Hlx (or no
lx sequence as a control) along with green fluorescent protein
GFP). Hlx2/2 cells were transduced with vectors with and without
lx. GFP-positive cells were purified by fluorescence-activated cell
orting; both the control and the Hlx vectors transduced .70% of
the cells. Total RNA isolated from the GFP-positive cells was used
to prepare samples for analysis with Affymetrix GeneChips. We
found the greatest change in expression was for Hlx itself (as
expected). Genes showing altered expression (23 or greater) in-
cluded participants in signaling pathways and extracellular matrix
proteins. Further evaluation of the downstream targets identified
will provide additional insights into digestive system development.
143. The Homeobox Gene Hex Is Necessary for Liver and Lung
Development. C. W. Bogue, C. M. Wilson, H. Vasavada, and
H. C. Jacobs. Yale Child Health Research Center, Yale Uni-
versity School of Medicine, 464 Congress Avenue, New
Haven, Connecticut 06510.
Hex is a divergent homeobox gene expressed in the early defini-
tive endoderm and in multiple foregut derivatives, including the
thyroid, lung, liver, and pancreas. During liver development, Hex is
first expressed at E8.0 in the hepatic endoderm of the foregut just
prior to liver budding. At E9.5–10.0, expression is abundant in
primitive hepatoblasts of the liver bud. Later, Hex expression is
present in mature hepatocytes and in biliary epithelia of both the
intra- and the extrahepatic bile ducts. In the lung, Hex is first
expressed at E11.5 in the endoderm of developing lung buds and
expression at later embryonic stages and in the adult is present in
both the epithelium and the mesenchyme. To determine the role
that Hex plays in liver and lung organogenesis, we created mice
with a null mutation of Hex. A targeting construct was made by
replacing the first exon of Hex with a neomycin cassette and
deleting the second exon, which contains most of the homeodo-
main. Hex1/2 mice appear normal and are fertile. Analysis of
Hex1/2 intercrosses revealed that a homozygous mutation is
embryonic lethal between E11.5–E14.5. Hex2/2 embryos had,
mong other defects, striking abnormalities of liver and lung
evelopment. Morphologic development of the foregut appears
ormal but, by E10.0, there is no evidence of liver budding. The
egion of the septum transversum contains small numbers of
pithelioid-appearing cells but no hepatic cords are present. Over
he ensuing 4 days, large blood-filled sinusoids form in the region of
he septum transversum and there is little to no liver parenchyma
resent. Interestingly, a capsular structure surrounding the septum
ransversum does form, suggesting that the formation of the liver
apsule is not dependent on hepatic endoderm. Lung development
nitially appears normal, with the formation of lung buds at E10.0.
owever, by E13.5–14.5, the lungs are hypoplastic in appearance
ith no evidence of lobe formation. The airway epithelium isignificantly hyperplastic while the mesenchyme is disorganized.
Copyright © 2001 by Academic Press. All righthese data prove that Hex plays an critical role in the development
f the lung once budding has occurred. Additionally, Hex is the first
ene known to be necessary for the budding of the liver from the
oregut. Further study of Hex will yield important mechanistic
nformation about liver and lung organogenesis and determination
f hepatic cell phenotypes.
44. The Correct Regional Specification and Function of the Stom-
ach Requires Mesenchymal–Epithelial Signaling Cascades
Controlled by Hoxa5. Jose´e Aubin,* Ugo De´ry,* Pierre Chail-
ler,† and Lucie Jeannotte.* *Centre de Recherche en Cance´r-
ologie de l’Universite´ Laval, Centre Hospitalier Universitaire
de Que´bec, L’Hotel-Dieu de Que´bec, Que´bec, Que´bec, Can-
ada, G1R 2J6; and †Groupe du Conseil de Recherches Me´di-
cales du Canada sur le De´veloppement Fonctionnel et la
Physiopathologie du Tube Digestif, De´partement d’Anatomie
et de Biologie Cellulaire, Faculte´ de Me´decine, Universite´ de
Sherbrooke, Sherbrooke, Que´bec, Canada, J1H 5N4.
The regionalization of the gut depends on mesenchymal–
epithelial crosstalk and the Hox gene family of transcription factors
has been suspected to participate in the genetic control of this
process. We show that the Hoxa5 gene displays a dynamic pattern
of expression during stomach development and that Hoxa5 is
essential for proper stomach morphogenesis. We observe that
Hoxa5 mutants present postnatal functional enzymatic anomaly of
the gastric mucosa linked to perturbed cell specification during
stomach development. Furthermore, the absence of mesenchymal
Hoxa5 function causes altered expression of genes involved in
signaling, such as Sonic hedgehog (Shh), Indian hedgehog (Ihh),
Transforming growth factor b family members, and Fibroblast
rowth factor-10 (Fgf10) in the embryonic stomach. Hoxa5, Shh,
hh, and Fgf10 are expressed in the stomach following gradients
that correlate with regional definition of the gastric mucosa. These
gradients are modified in the stomach of Hoxa5 mutants. Thus,
histological, biochemical and molecular criteria strongly support
the notion that Hoxa5 acts as a key regulator of regional specifica-
tion of the stomach by controlling mesenchymal–epithelial inter-
actions. (Supported by the FRSQ and the MRC of Canada.)
145. Using a Novel Gut Culture System to Analyze the Influence
of Known and Novel Genes on Intestinal Epithelial Differen-
tiation. H. E. Abud, C. N. Johnstone, N. Watson, N. C.
Tebbutt, M. Ernst, and J. K. Heath. Ludwig Institute for
Cancer Research, P.O. Box Royal Melbourne Hospital,
Parkville 3050, Melbourne, Australia.
We aim to study the development of endoderm and the differen-
tiation of the intestinal epithelium in mice, using embryonic gut
culture, ES cell differentiation, and mouse models. We have estab-
lished an innovative mouse embryonic gut culture system (cater-
nary culture) in our laboratory that maintains the three-
dimensional architecture of the gut. This provides an opportunity
to directly study the function of genes in a system that closely
mimics the development and differentiation of the gut in vivo. The
development of the epithelial cell layer in caternary cultures has
been studied in detail using light and electron microscopy and
immunohistochemistry for molecular markers of gut development.
We have also demonstrated that plasmids encoding genes can be
introduced into the epithelial cell layer using a low-voltage elec-
troporation technique. The effects of expressing mutant versions of
components of the APC, Ras, and TGFb signaling pathways on
intestinal cell biology will be examined using this system. Along-
s of reproduction in any form reserved.
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204 Developmental Biology Volume 235, 2001side this work, we also aim to identify novel genes that can
promote intestinal differentiation using a unique screening strat-
egy in embryonic stem (ES) cells. This is based on a unique ES cell
line generated in our laboratory that contains a LacZ marker gene
under the control of the A33 promoter (a definitive marker of
intestinal epithelium). The ultimate objective of this project is to
screen an expression library for genes that can promote intestinal
differentiation.
146. A New Abd-B Class Homeobox Gene (HgHbox12) from an
Echinoderm, and Its Expression during Intestinal Regenera-
tion. Ana T. Me´ndez-Merced and Jose´ E. Garcı´a-Arrara´s.
Department of Biology, University of Puerto Rico, Rı´o Pie-
dras, Puerto Rico 00931.
Echinoderms provides an ideal model system to study organo-
enesis in adult deuterostomes. Our interest is to elucidate the role
f Hox genes during intestine regeneration after induced eviscera-
ion in the sea cucumber, Holothuria glaberrima, a holothuroid
echinoderm. Here, we report the isolation, sequence analysis, and
spaciotemporal expression pattern of the H. glaberrima Abd-B-like
gene, HgHbox12. We postulate that this gene is one of the five
posterior Hox sequences found in the holothurian genome. The
expression of HgHbox12 was studied using RT-PCR and in situ
hybridization and found that HgHbox12 transcripts can be detected
in the 7-day regenerate but decline at later stages. No expression is
found in normal noneviscerated intestines. HgHbox12 is express in
a subpopulation of cells within the coelomic epithelium through-
out the regenerating gut. Our results suggest that HgHbox12 has a
role in early stages of the sea cucumber intestine regeneration. To
our knowledge, this is the first report of a posterior gene associated
to regenerative organogenesis in adult organisms.
147. Two Actin Isoforms Are Differentially Expressed during Re-
generative Organogenesis in the Echinoderm Holothuria
glaberrima. J. L. Roig-Lopez, C. Lasalde, and J. E. Garcia-
Arraras. University of Puerto Rico, Rio Piedras Campus, Rio
Piedras, Puerto Rico, 00931.
The regeneration capability of echinoderms is well known;
however, few studies have focused on the cellular and molecular
events underlying this phenomenon. We are using the sea cucum-
ber Holothuria glaberrima as a model system to elucidate the
molecular aspects of regeneration. Differential display analysis
between normal and regenerating intestines produced a series of
bands preferentially expressed in the regenerating tissue. These
bands were used to screen a regenerating tissue cDNA expression
library, from which two actin cDNA clones, HgAct1 and HgAct2,
were obtained. Partial sequence analysis of the 39 UTR and North-
ern blots expression patterns suggest that HgAct1 and HgAct2 are
differentially expressed isoforms. HgAct1 expression is up-
regulated during early intestinal regeneration when compared to
late regenerate and normal tissues. In contrast, HgAct2 is up-
regulated late in the regeneration process. Protein expression
patterns were determined with immunocytochemistry. A poly-
clonal antiactin recognizes normal and regenerated muscle cells
while a monoclonal anticytoplasmic b-actin labels a discrete
populations of cells in the mucosal layer of normal intestine but
not in the early regenerating structure. The expression of actin
isoforms is known to be developmentally regulated during embryo-
genesis in deuterostomes, but little is known on their regulation
during regeneration. Our results suggest that the regulated expres-
sion of these actin isoforms is associated with important events in
Copyright © 2001 by Academic Press. All rightthe regeneration process. (Funded by NSF, NIGMS-SCORE/RISE,
and the University of Puerto Rico.)
148. Notochord and Endothelial Signals during Patterning of the
Xenopus Endoderm. O. Cleaver and D. Melton. Harvard
University, Cambridge, Massachusetts 02138.
Endodermally derived epithelium of the gastrointestinal tract
ollows a stereotyped program of differentiation and morphogenesis
hich results in the formation of organs at distinct anterioposterior
nd dorsoventral locations along the vertebrate body axis. This
rocess depends on correct patterning of the endoderm both early
uring germ layer formation and gastrulation and later during
rganogenesis. Previous studies have shown that signals arising
rom the notochord are essential for the differentiation of endoder-
ally derived organs, such as the pancreas in chick and the
ypochord in Xenopus laevis. Here, we demonstrate that signals
rom both the notochord and the cardiovascular system are re-
uired for proper differentiation of the amphibian pancreas. Spe-
ifically, embryological manipulations are carried out to remove
ither the notochord or the dorsal aorta in early tailbud stage
enopus embryos. Resulting embryos display a significant reduc-
ion or absence of insulin-producing cells or b-cells.
49. Gata4 and Gata6 Function in the Mouse Embryonic Pancreas.
D. C. Goldman and L. Sussel. University of Colorado Health
Sciences Center, Denver, Colorado 80262.
In vertebrates, members of the GATA4, -5, and -6 subfamily are
xpressed in a highly overlapping pattern in endodermal and
esodermal derivatives throughout embryonic development (for
eview, see J. D. Molkentin, 2000, J. Biol. Chem. 275(50), 38949–
8952). However, Gata4, -5, and -6 each have distinct roles in
ndoderm specification and/or differentiation and mesodermal
ifferentiation. Presumably, each GATA factor regulates tissue-
pecific gene expression through specific interactions with other
evelopmentally regulated transcription factors. To understand
hat roles the GATA factors play in pancreas development, we are
nvestigating GATA expression, function, and interaction with
ther transcription factors in the mouse embryonic pancreas.
ata4 and Gata6 are the only GATA factors present in an E12.5
ancreas cDNA library. Both are expressed in pancreatic epithe-
ium from E11 through E15.5, but in nonoverlapping domains.
pecifically, Gata4 is expressed throughout the exocrine pancreas
hereas Gata6 is expressed in the endocrine pancreas. To assay
Gata4 and Gata6 function in pancreas development, we are first
esting the effects of antisense expression of each of these genes in
mbryonic pancreas cultures. Screens for known and novel GATA-
nteracting factors in the embryonic pancreas are in progress.
50. Cloning and Functional Characterization of Xenopus Pod-1, a
bHLH Transcription Factor Expressed in the Developing
Pronephric Kidney. S. R. Eid and A. W. Bra¨ndli. Institute of
Cell Biology, Swiss Federal Institute of Technology, Zu¨rich,
8093, Switzerland.
Basic helix–loop–helix (bHLH) proteins are transcription factors
that control cell fate determination and differentiation in a variety
of tissues. We report here the isolation of the Xenopus orthologue
of the bHLH transcription factor Pod-1, also referred to as capsulin
and epicardin. In developing Xenopus embryos, Pod-1 was selec-
tively expressed in the mesodermal layer of the branchial arches, in
the lateral plate mesoderm, and in the developing foregut and
s of reproduction in any form reserved.
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205SDB Meeting Abstractspronephros. At later stages, expression was seen in mesenchymal
cells that are closely associated with epithelia of the developing
lung buds and gut. In the developing pronephric kidney Pod-1
transcripts were first detected at stage 24 in the presumptive
podocyte layer. This expression persisted, and by stage 40 Pod-1
expression was restricted to the mature podocytes. To determine
the function of Pod-1, we misexpressed Pod-1 by injecting mRNA
into one blastomere of two-cell-stage embryos. Examination of the
pronephric markers Pax-2 and Pax-8 indicated that Pod-1 effi-
ciently suppressed pronephric tubules and duct formation. Further-
more, analysis of the mesangial cell marker AT-1 revealed that the
mesangial cell lineage was also affected. In contrast, the podocyte
marker WT-1 showed a broader than normal expression domain.
Since anterior somitic tissue acts as an inducer of the pronephros,
we used Six-1 expression to examine the differentiation of somites.
We found that somitic Six-1 expression was severely reduced in
presence of ectopic Pod-1 indicating an impairement of somite
differentiation. Taken together, our findings suggest that Pod-1
may act as a tissue-restricted repressor of differentiation. Loss-of-
function experiments using morpholino antisense oligonucleotides
are in progress.
151. The Biology of Becoming: Cell Fate Decisions during Embry-
onic Kidney Development. Kelly A. McLaughlin, Melissa S.
Rones, and Mark Mercola. Department of Cell Biology, Har-
vard Medical School, Boston, Massachusetts 02115.
The Notch signaling pathway directs cell fate choice during the
formation of numerous tissues in organisms ranging from worms to
humans. We have shown that perturbations of endogenous Notch
signaling result in alterations of the ratio of tissue types present in
the embryonic kidney of amphibians, the pronephros. The most
extraordinary result from these manipulations was observed in the
pronephric duct, where activation of Notch signaling eliminated
duct cells while suppression of Notch signaling increased the
number of duct cells. Further investigation suggests that activated
Notch signaling functions to retain early pronephric anlage cells in
a transient, undifferentiated state until terminal differentiation
signals are available. Specifically, we demonstrated that molecular
markers of the early pronephric anlage are dramatically increased
in response to activated Notch signaling, whereas markers of
terminally, differentiated pronephric tubules are ablated. In this
example Notch signaling acts as mechanism to delay differentia-
tion of developing pronephric cells, thus providing a mechanism for
establishing multiple cell fates from within the original analge. To
better understand this process, we have identified downstream
transcription factors that may mediate the cell fate decisions
during pronephric development. Since previous work has shown
that Notch signaling is mediated downstream of Su(H) by genes
which encode bHLH transcription factors belonging to the Hairy/
Enhancer of Split [Hairy/E(spl)] family, we have begun examining
both the expression patterns and the function of Hairy/E(spl) family
members during pronephric development. Because the Notch1
receptor and its two ligands, Delta1 and Serrate1, are expressed for
a prolonged period of time during pronephric morphogenesis and
patterning, the analysis of downsteam target genes will further our
understanding of multiple cell fate decisions during kidney devel-
opment that are mediated through downstream target genes.
152. Abstract #152 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
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Copyright © 2001 by Academic Press. All right153. Visualization of Kidney Branching Morphogenesis. T. Wa-
tanabe, S. Srinivas,* C. S. Lin, R. Shakya, and F. Costantini.
Columbia University, New York, New York 10032; and
*National Institute of Medical Research, The Ridgeway,
London, United Kingdom.
Mouse kidney organogenesis involves repeated branching and
elongation of the epithelial ureteric bud (UB) within the metaneph-
ric mesenchyme, as a result of reciprocal induction between these
two tissues. To follow the growth and branching of the UB in real
time during the growth of kidneys in organ culture, we have
produced a transgenic line expressing GFP throughout the UB,
under the control of the Hoxb7 promoter (Srinivas et al., 1999, Dev.
Genet. 24, 241–251). We have used these transgenic animals to
study the growth and branching pattern of the UB, as well as for cell
lineage analysis. Time-lapse observation of cultured kidneys has
led to several novel observations about the normal patterns of UB
branching. We have studied the effects of a growth factor, glial cell
line-derived neurotrophic factor (GDNF) on UB morphogenesis. In
addition, we have been able to use this transgenic line for cell
lineage analysis, by producing Hoxb7/GFP 7 wild-type chimeric
kidneys and watching their development in culture. In chimeras
with a low percentage of GFP-positive cells, it is possible to follow
the fate of individual UB cells or clusters of cells as the kidney
develops. A series of time-lapse observations of Hoxb7/GFP and
Hoxb7/GFP 7 wild-type chimeric kidney cultures will be shown.
154. Regulation of Metanephric Kidney Development by Gdf-11.
Aurora Esquela Kerscher, Alexandra McPherron, and Se-Jin
Lee. Johns Hopkins School of Medicine, Baltimore, Maryland
21205.
A member of the TGF-b superfamily, called growth/
ifferentiation factor 11 (Gdf-11), was previously found by our
aboratory to control the proper anterior/posterior patterning of the
xial skeleton. We now report that Gdf-11 also has an important
ole during kidney organogenesis. Mice carrying a disruption for
df-11 possess a variety of renal abnormalities, with the majority
f animals having a complete absence of both kidneys. Histological
nalysis of mice null for Gdf-11 revealed the presence of defects at
he initial stages of metanephric development. We have been
xamining the expression of a number of genes believed to play a
ole in this process in order to determine where Gdf-11 acts in the
athway controlling kidney development.
55. Abstract #155 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
56. The Role of Wnts in the Development of the Kidney Collect-
ing Ducts. T. J. Carroll, M. Ishibashi, B. Parr, and A.P.
McMahon. Harvard University, Cambridge, Massachusetts
02138.
Cell to cell signaling is required for a number of developmental
rocesses. Proper development of the metanephric kidney requires
eciprocal signals from the ureteric bud epithelium and nephro-
enic mesenchyme. Derivatives of the ureteric bud induce the
djacent metanephric mesenchyme to undergo epithelialization.
ignals from the mesenchyme are required for the proper growth
nd branching of the ureter. If either tissue is disturbed, normal
ephrogenesis does not occur. Members of the FGF, BMP, Hedge-
og, and Wnt families have been shown to be essential for cell
s of reproduction in any form reserved.
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206 Developmental Biology Volume 235, 2001signaling in several embryonic tissues. Genetic manipulations
suggest that many of these factors may interact to regulate devel-
opmental patterning. Several members of the Wnt family of se-
creted glycoproteins are expressed in distinct domains within the
developing kidney including Wnt-4, Wnt-7b, and Wnt-11. Wnt-4 is
expressed within the metanephric mesenchyme while Wnts-7b and
-11 are expressed within the developing ureteric epithelium. With
the exception of Wnt-4, which is required for the epithelialization
of the metanephric mesenchyme, we know nothing of the roles of
these factors in normal kidney development. In the case of Wnt-7b,
mutagenesis causes early embryonic lethality due to a failure of the
chorion and allantois to fuse. To circumvent this problem, we are
utilizing a combination of embryological and molecular techniques
including tetraploid aggregation, conditional mutagenesis, and
tissue-specific misexpression to study the role of this gene in
kidney development. These techniques are unveiling hitherto
unappreciated roles for this factor in the development of the
urogenital system.
157. The Role of Sonic Hedgehog during Mouse Kidney Develop-
ment. J. Yu, T. J. Carroll, P. M. Lewis, and A. P. McMahon.
Department of Molecular and Cellular Biology, Harvard Uni-
versity, 16 Divinity Avenue, Cambridge, Massachusetts
02135.
The metanephric kidney is formed through the reciprocal induc-
ion of the ureteric bud and the metanephric mesenchyme. Sonic
edgehog (Shh) is expressed during development in the uroepithe-
ium in the trunk of the ureteric bud, the collecting duct, and the
reter. Its receptor and downstream target gene, Patched 1, is
xpressed in the mesenchymal cells including those that surround
he collecting duct system and the ureter. To understand the role of
hh signaling in kidney development, we generated conditional
hh mutants in which Shh activity is specifically removed from the
ollecting duct and ureter. Most such mice die at 1 dpp. The
utant kidneys are smaller than wild type, and the ureters are
ilated and tortuous. Close examination of the ureters showed that
ore distal mesenchymal cells (close to the bladder) that normally
urround the transitional epithelium which expresses Shh are less
ell aggregated. In addition, there is a reduction in differentiated
mooth muscle which arises from these cells, suggesting that Shh
ay be involved in the formation of smooth muscle from mesen-
hymal cells which lie adjacent to the ureter. We will report our
nalysis of mutant kidneys during embryonic development and of
idneys from Shh transgenic mice embryos in which Shh is
xpressed throughout the ureteric bud, the renal collecting duct
ystem, and the ureter.
58. Abstract #158 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
59. Functional Characterization of the Hey bHLH Gene Family.
M. Gessler,* K. Knobeloch,† N. Schumacher,* K. Amann,‡ N.
Golenhofen,* and C. Leimeister.* *PC I, Biozentrum, Univer-
sity of Wuerzburg, Wuerzburg, Germany; †FU Berlin; and
‡University of Erlangen.
The vertebrate Hey genes (Hey1, Hey2, HeyL) constitute a
amily of hairy- and Enhancer-of-split-related bHLH genes. Related
enes were detected in other vertebrates species like chicken,
enopus, and fish. Hey genes are dynamically expressed during
Copyright © 2001 by Academic Press. All rightouse development with an emphasis on somitogenesis, neuro-
enesis, and cardiovascular morphogenesis. Hey genes can ho-
odimerize or heterodimerize with related bHLH factors in the
ucleus and function as Notch-regulated transcriptional repressors
imilar to Hes genes. A distinct E-box has been identified as the
referred target, but Hey target genes have yet to be identified. The
ebrafish gridlock gene (Hey2) is involved in aortic development.
o elucidate the role of mammalian Hey genes knockout mice
ere generated. Complete loss of Hey1 or HeyL did not lead to any
bvious developmental defects. Despite the intriguing oscillating
xpression of Hey2 in the presomitic mesoderm no alterations of
omitogenesis in Hey2 knockout animals were seen. However,
ey2 loss resulted in very high postnatal lethality likely due to
ardiac problems. Gross changes in heart size and shape are seen
ostnatally. Histological and morphometric analysis suggests mas-
ive hypertrophy with activated myocytes, a concomittant loss of
ontractile elements, and functional impairment. A subset of
nockout mice is able to compensate for this after prolonged
asting periods. The molecular basis is currently being investi-
ated by comparison of global expression patterns. In situ hybrid-
zation of several cardiac marker genes did not yet reveal substan-
ial deregulation of gene expression.
60. Abstract #160 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
61. Abstract #161 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
62. Genetic Regulation of Myocardial Differentiation in Ze-
brafish. Brian Robert Keegan,* Robert K. Ho,† and Deborah L.
Yelon.* *Skirball Institute of Biomolecular Medicine, Devel-
opmental Genetics Program, New York University Medical
Center, New York, New York 10016; and †Department of
Molecular Biology, Princeton University, Princeton, New
Jersey 08544.
Myocardial precursors arise as two bilateral populations within
he lateral plate mesoderm. The genetic regulation of myocardial
nduction and differentiation is not yet understood. We have
dentified a zebrafish mutation (called s30) that blocks myocardial
ifferentiation of precardiac mesoderm. Expression of gata4,
and2, and nkx2.5 is normal at early stages in s30 mutants,
indicating that formation of lateral plate mesoderm and precardiac
mesoderm is unaffected. However, s30 mutants do not express
markers of myocardial differentiation, such as cmlc2, vmhc, and
amhc. Similar cardiac defects are observed in pandora (pan) mu-
tants. More severe cardiac defects are observed in s30;pan double
mutants, indicating a genetic interaction between the two loci. We
have mapped the s30 locus to a 0.7-cM genetic interval. We will
present our progress toward the identification of the s30 gene and
the characterization of its role during myocardial differentiation.
163. Causes and Consequences of an Atrium-Specific Develop-
mental Defect in Zebrafish. E. Berdougo,* D. Y. R. Stainier,†
and D. Yelon.* *Skirball Institute of Biomolecular Medicine,
Developmental Genetics Program, New York University
Medical Center, New York, New York 10016; and †Depart-
ment of Biochemistry and Biophysics, University of Califor-
nia at San Francisco, San Francisco, California 94143.
s of reproduction in any form reserved.
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207SDB Meeting AbstractsThe embryonic vertebrate heart is divided into two major
chambers: an anterior ventricle and a posterior atrium. Each
chamber has distinct morphological and physiological characteris-
tics. The molecular mechanisms that regulate these chamber-
specific differences are not yet understood. We have identified a
zebrafish mutation (s3) that causes atrium-specific developmental
defects. In mutant embryos, the atrium is misshapen, dilated, and
noncontractile while the ventricular contraction remains normal.
Furthermore, s3 mutant embryos exhibit defects in atrium-specific
gene expression. Despite their atrial defects, s3 mutant embryos
an survive to become fertile adult fish. We will present our
rogress toward cloning of the s3 gene and the characterization of
he s3 mutant phenotype in both embryos and adult fish.
164. A Role for FGF Signaling in the Specification of Avian Heart
Tissue. T. M. Schultheiss and B. H. Alsan. Beth Israel Dea-
coness Medical Center, Harvard Medical School, Boston,
Massachusetts 02215.
Previous studies have identified two signaling pathways which
regulate specification of a cardiac differentiation pathway in early
vertebrate embryonic cells: Bone morphogenetic protein (BMP)
signals promote cardiogenesis, while Wnt signaling inhibits the
production of cardiac tissue. Here we present evidence that signal-
ing by fibroblast growth factors (FGFs) and/or related factors also
plays an important role in promoting heart development. FGF-8 is
expressed in the endoderm adjacent to the differentiating cardiac
mesoderm. Removal of this endoderm at Stage 6, after the initial
expression of the cardiac transcription factors Nkx-2.5 and MEF-
2C, results in loss of expression of these genes. This loss of Nk-2.5
and MEF-2C expression can be rescued by ectopically applied
FGF-8 but not by ectopic BMP-2. In gain of function experiments,
beads of FGF-8 placed into lateral regions of Stage 4 to 6 embryos,
where the BMP signaling pathway is already active, lead to ectopic
expression of Nkx-2.5 and MEF-2C. Beads of BMP-2, which have
previously been shown to induce ectopic expression of cardiac
genes when introduced into medial regions of the anterior embryo,
are here shown to concomitantly induce ectopic expression of
FGF-8. A model is proposed in which signaling through both the
BMP and the FGF pathways is required for expression of early
cardiac genes.
165. Cardiofunk, a Zebafish Mutation Disrupting Atrioventricular
Valve Formation. T. Bartman and D. Y. R. Stainier. University
of California, San Francisco, California 94143-0448.
One of the later events in heart development is the formation of
cardiac valves, which arise from endocardial cushions which are in
turn derived from mesenchymal swellings at the atrioventricular
and outflow tract boundaries. We are interested in the genetic
regulation of cushion and valve formation since defects in these
events may be responsible for a majority of human congenital heart
defects. Our lab has extensively characterized one mutant of valve
formation, jekyll, which arose in the Boston mutagenesis screen (E.
Walsh and D. Y. R. Stainier, manuscript in preparation). Subse-
quently, we have been characterizing cardiofunk, a second muta-
tion affecting valve formation, which arose in a screen in our lab.
Cardiofunk homozygous embryos at 2–3 d.p.f. exhibit a toggling of
blood between the atrium and ventricle, indicative of a lack of
competent AV valves. The phenotype includes a lack of circulation
in the dorsal aorta, as well as pericardial edema typical of heart
mutants. The phenotype is partially penetrant and temperature
sensitive in that clutches raised at the usual 28°C typically have
Copyright © 2001 by Academic Press. All right10% mutant embryos whereas embryos raised at 32°C are nearly
fully penetrant. The mutation may potentially also interact with
jekyll. Positional cloning is underway to isolate cardiofunk. To
expand our study of valve development we are also conducting a
screen which aims to identify valve mutants by crossing male
progeny from ENU-treated founders with jekyll heterozygous fe-
males to identify additional loci that interact with jekyll. Prelimi-
nary observations indicate that this approach will be a fruitful
manner in which to obtain new mutants for study.
166. Abstract #166 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
167. The Zebrafish Gene pandora Regulates Myocardial Differen-
tiation. J. L. Feldman,* D. Y. R. Stainier,† and D. L. Yelon.*
*Skirball Institute of Biomolecular Medicine, Developmental
Genetics Program, New York University Medical Center,
New York, New York; and †Department of Biochemistry and
Biophysics, University of California, San Francisco, San Fran-
cisco, California.
The embryonic vertebrate heart forms from two bilateral fields
of myocardial precursors within the anterior lateral plate meso-
derm. Fusion of these two populations creates a two-chambered
organ, composed of an anterior ventricle and a posterior atrium.
The molecular mechanisms that control myocardial differentiation
and patterning remain unknown. The zebrafish mutation pandora
(pan) disrupts the differentiation and patterning of the myocardial
precursors. Initially, pan mutant embryos appear to generate nor-
mal anterior lateral plate mesoderm. However, very few myocar-
dial precursors develop, and these cells are abnormally patterned.
As a consequence, the pan mutant heart is small and has a severely
reduced ventricle. Currently, we have mapped the pan locus to a
,1-cM genetic interval. We will present our positional cloning
progress and our current model regarding pan function.
168. Notch Signaling in Left–Right Determination during Mouse
Development. L. T. Krebs, I. Welsh, C. H. Tenney, Y. Lan, R.
Jiang, T. O’Brien, and T. Gridley. The Jackson Laboratory, Bar
Harbor, Maine 04609.
The Notch signaling pathway is evolutionarily conserved and is
critically involved in the development of species as diverse as
worms to mammals. Here we show that the Notch signaling
pathway is involved with left–right determination during mouse
development. One of the first morphological indicators of left–right
determination is heart looping. Disruption of the Delta-like 1
(Dll1) gene, which encodes a ligand for Notch family receptors,
results in defects in heart looping. Thirty-two percent of the
homozygous Dll1 mutants displayed normal heart looping, while
the other 68% exhibited looping defects. The heart looping defects
observed in Dll1 homozygous mutants can be further characterized
as complete reversal (42%, situs inversus) or variations of ventral
heart looping (26%). In addition, 42% of the Dll1 homozygous
mutants exhibit a reversal of axial rotation. One possible hypoth-
esis for the laterality defects observed in Dll1 homozygous mutants
is a failure of midline integrity. Components of the Notch signaling
pathway are expressed in the notochord and floor plate. Currently,
no laterality defects have been reported for mutants of any of the
four Notch receptors in mammals. However, functional redun-
dancy between the Notch receptors is one possible explanation for
s of reproduction in any form reserved.
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208 Developmental Biology Volume 235, 2001this observation. After exploring this possibility, we found that
Notch1–Notch2 double homozygous mutants displayed heart loop-
ng as well as axial rotation defects. These data indicate that the
otch signaling pathway is involved in left–right determination
nd that Notch1 and Notch2 possess some functional overlap in
his developmental process.
69. Development of the Hematopoietic Tissue in the Penaeid
Shrimp Sicyonia ingentis. P. L. Hertzler and O. J. Sepulveda
Villet. Department of Biology, Central Michigan University,
Mt. Pleasant, Michigan 48859.
The crustacean immune system depends on hemocytes to pro-
ide protection against pathogens. These cells are produced and
tored in the hematopoietic organ, dorsal to the hepatopancreas,
ut it is not clear at what point during development the tissue
tarts to function. Hematopoietic tissue and circulating hemocytes
ere observed by transmission electron microscopy in adult and
arval tissue of the penaeid species Sicyonia ingentisand Penaeus
annamei. Maturing hemocytes were abundant within the hema-
opoietic tissue and exhibited migration toward the circulatory
ystem. Although a network of afferent capillaries distributing
emolymph to the hematopoietic organ was apparent, no evidence
ould be found of an efferent vessel transporting hemocytes to the
irculatory system. Five cell populations were observed in the
ematopoietic tissue: stem cells, hyaline, small granule and large
ranule hemocytes, and basal-lamina-associated cells. The im-
une response of crustacean hemocytes may be mediated by
ntegrin receptors. An a-integrin cDNA fragment was therefore
isolated by homology PCR from Sicyonia ingentis hemocytes.
Studies to characterize and determine the function of this
a-integrin in the crustacean immune response are in progress.
170. Hedgehog Signaling and Yolk Sac Vasculogenesis. N. A. Byrd,
S. Becker, P. F. Maye, J. A. McMahon,* X. M. Zhang,* A. P.
McMahon,* and L. B. Grabel. Wesleyan University, Middle-
town, Connecticut 06459; and *Harvard University, Cam-
bridge, Massachusetts 02138.
Blood islands contain primitive erythrocytes surrounded by a
layer of endothelial cells and are the precursors of yolk sac blood
vessels. These structures differentiate in vivo and in vitro, in
ES-cell-derived embryoid bodies, from mesodermal cells underly-
ing the visceral endoderm. Our previous studies have shown that
Indian hedgehog (Ihh) is expressed in the visceral endoderm both in
the visceral yolk sac and in embryoid bodies. Support for a
functional role for Ihh in yolk sac vasculogenesis is provided by the
observation that 50% of Ihh2/2 mice die at midgestation, poten-
tially due to vascular defects in the yolk sac. To address the nature
of the possible vascular defects, we have examined the ability of ES
cells deficient for Ihh or smoothened (smo), which is essential for
all hedgehog signaling, to form blood islands in vitro. Immunocy-
tochemistry shows that both cell lines appear unable to form blood
islands and express reduced levels of PECAM-1, an endothelial cell
marker, and a-SMA, a mesothelial layer and vascular smooth
uscle marker. RT-PCR analysis on the Ihh2/2 lines also shows
substantial decrease in the expression of FLK-1 and SCL/Tal1,
arkers for the hemangioblast, the precursor of both blood and
ndothelial cells. To extend these observations we have also
xamined the phenotype of Ihh- and smo-deficient yolk sacs.
hereas Ihh2/2 yolk sacs can form blood vessels, the vessels are
ewer in number and smaller, perhaps due to their inability to
ndergo vascular remodeling. Additionally, smo2/2 yolk sacs a
Copyright © 2001 by Academic Press. All rightrrest at an earlier stage and the blood islands appear packed with
ematopoietic-like precursor cells. Discrepancies between the phe-
otype of ES cells and Ihh- or smo-deficient yolk sacs may be
ttributed to the expression of alternate hedgehog genes in the yolk
ac.
71. Abstract #171 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
72. Intersomitic Arteries and Intersomitic Veins Form via Dis-
tinct Mechanisms. Sumio Isogai, Nathan D. Lawson, Saioa
Torrealday, and Brant M. Weinstein. Laboratory of Molecular
Genetics, NICHD, NIH, Bethesda, Maryland.
The externally fertilized, optically clear zebrafish embryo pro-
ides an unprecedented opportunity to visualize and examine the
ormation of embryonic blood vessels. We have studied the forma-
ion of the trunk intersomitic vessels using transgenic zebrafish
xpressing green fluorescent protein throughout the vasculature,
ermitting direct, real-time imaging of the dynamics of vessel
ormation in living embryos. The intersomitics are dorsal–
entrally aligned vessels at vertical myoseptal boundaries that
orm shortly after the primary axial vessels of the trunk (the dorsal
orta and posterior cardinal vein). We have found that intersomitic
essels form via a novel two-step process. A primary intersomitic
ascular network forms first, sprouting only from the dorsal aorta.
pon completion of this network a second set of angiogenic vessels
prout from the posterior cardinal vein and quickly interconnect
nd merge with the primary network. We will present data com-
aring the role of flow dynamics versus genetic factors in the
ormation of these vessels. Our data show that intersomitic vein
ormation is temporally distinct from intersomitic artery forma-
ion and suggest a possible mechanistic basis for the anatomical
ssociation commonly found between arteries and veins.
73. Notch Signaling Is Required for Arterial Differentiation and
Repression of Venous Cell Fate during Embryonic Vascular
Development. Nathan D. Lawson, Nico Scheer, Van N.
Pham, Cheol-Hee Kim, Ajay B. Chitnis, Jose A. Campos-
Ortega, and Brant M. Weinstein. LMG, NICHD, NIH, Be-
thesda, Maryland; and Institut fu¨r Entwicklungsbiologie, Uni-
versita¨t zu Ko¨ln, Cologne, Germany.
Recent evidence indicates that acquisition of artery or vein
dentity during vascular development is governed, in part, by
enetic mechanisms. The artery-specific expression of a number of
otch signaling genes in mouse and zebrafish suggests that this
athway may play a role in arterial–venous cell fate determination
uring vascular development. We have found that notch3 is ex-
ressed specifically within the dorsal aorta during embryonic
ascular development in zebrafish. Furthermore, we show that loss
f Notch signaling in zebrafish embryos leads to molecular defects
n arterial–venous differentiation, including loss of artery-specific
arkers and ectopic expression of venous markers within the
orsal aorta. Conversely, we find that ectopic activation of Notch
ignaling, using an inducible GAL4-UAS system, leads to repres-
ion of venous cell fate. Finally, embryos lacking Notch function
xhibit defects in blood vessel formation similar to those associ-
ted with improper arterial–venous specification. Our results sug-
est that Notch signaling is required for the proper development of
rterial and venous blood vessels and that a major role of Notch
s of reproduction in any form reserved.
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209SDB Meeting Abstractssignaling in blood vessels is to repress venous differentiation
within developing arteries.
174. Competing Pathways in Testis Organogenesis. Blanche
Capel, Christopher Tilmann, Jenna Schmahl, Jennifer Bren-
nan, and Humphrey H. C. Yao. Department of Cell Biology,
Duke University Medical Center, Durham, North Carolina
27110.
In mammals the primary step in male sex determination is the
initiation of testis development in the bipotential gonad primor-
dium. This step depends on the Y-linked male sex-determining
gene, Sry, a DNA binding protein. We investigated Sry-dependent
changes in gonad morphology that mark the divergence of devel-
opment of the bipotential gonad toward testis organogenesis. These
experiments revealed that Sry induces the male-specific prolifera-
ion of Sertoli cell precursors. Recent analysis of Fgf92/2 gonads
uggest that Fgf9 is involved in this step. Sry also induces the
igration of cells from the mesonephros that are critical for the
ifferentiation of Sertoli cells and the organization of germ cells
ithin testis cords. Ovarian fate is initiated in the absence of
pecification of the male pathway. Although ovarian fate determi-
ates have not been defined, ovarian follicle formation is known to
epend on the presence of germ cells in the gonad. We present
vidence that the entry of germ cells into meiosis blocks the male
athway. Sry opposes the ovarian pathway by blocking the entry of
erm cells into meiosis in the XY gonad through the formation of
estis cords. Much evidence suggests that it is the relative timing of
ry-mediated pathways and germ cell entry into meiosis that
ontrols the fate of the bipotential gonad.
75. Abstract #175 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
76. Abstract #176 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
77. The Role of FGF9 and Proliferation in Sex Determination. J. P.
Schmahl, J. Colvin, D. Ornitz, and B. Capel. Duke University,
Durham, North Carolina 27710.
The initiation of testis development in mammals depends on the
resence or absence of the Y chromosome-linked gene, Sry. Much
s known about the early morphological changes that are initiated
ownstream of Sry, yet the molecular targets of Sry and other
olecular signals that direct early testis formation are largely
nknown. Recently, fgf9 knockout mice were found to undergo
ale to female sex reversal: despite the presence of a Y chromo-
ome, fgf92/2 XY mice form abnormal testes or ovaries. We have
nvestigated the role fgf9 in male sex determination. Fgf92/2
onads show a proliferation decrease in SF1-positive cells near the
oelomic epithelium. This population gives rise to male-specific
ell types such as Sertoli and Leydig cells. Later in gonad formation,
gf92/2 XY gonads continue to proliferate at a lower rate and have
ew or no Sertoli and Leydig cells, suggesting that sex reversal in
gf92/2 XY gonads may be caused by a reduction in the number of
ale-specific cell types that direct testis development. In cultured
onads, FGF9 induces proliferation of many cell types. FGF9 also
nduces other male-specific events in culture, such as an increase
n laminin deposition, the migration of vascular cells, and the i
Copyright © 2001 by Academic Press. All rightormation of a male vascular pattern. However, FGF9 does not
nduce Sertoli differentiation, indicating that although FGF9 is part
f the pathway for male sex determination, it is not the only piece.
78. Direct Evidence That Sry Is Expressed in Pre-Sertoli Cells and
That Sertoli and Granulosa Cells Develop from a Common
Precursor. Kenneth H. Albrecht and Eva M. Eicher. The
Jackson Laboratory, Bar Harbor, Maine 04609.
The mammalian gonad begins development as an undifferenti-
ted, bipotential anlagen known as the genital ridge. The expres-
ion of Sry in the genital ridges of XY fetuses initiates testis
evelopment and is hypothesized to do so by directing supporting
ell precursors to develop as Sertoli cells and not as granulosa cells.
o directly test this hypothesis, we created transgenic mice ex-
ressing enhanced green fluorescent protein (EGFP) under the
ontrol of the Sry promoter. We first used RT-PCR to establish that
he transgene was expressed in fetal gonads at the time when
ndogenous Sry is expressed. We then explored the spatial and
emporal expression of Sry in developing gonads using confocal
icroscopy and immunofluorescent histochemistry. Our analysis
ndicates that: (1) Sry is expressed in gonadal somatic cells and not
n either germ cells or the adjacent mesonephros, (2) Sry is first
xpressed internally and in the center of the gonad and then later is
xpressed toward the surface and cranial and caudal poles, (3) Sry is
xpressed in pre-Sertoli cells in the testis, and (4) The Sry–EGFP
ransgene is expressed in pregranulosa cells in the ovary. By
roviding direct evidence that Sry is expressed in pre-Sertoli cells
nd that Sertoli and granulosa cells share a common precursor,
hese results support the hypothesis that Sry initiates testis differ-
ntiation by directing the development of supporting cell precur-
ors as Sertoli rather than granulosa cells. Furthermore, the Sry
xpression pattern explains the nonrandom distribution of testicu-
ar and ovarian tissue in mammalian ovotestes.
79. Sexually Dimorphic Vascular Development in the XY Mouse
Gonad. J. R. Brennan and B. Capel. Duke University Medical
Center Durham, North Carolina 27514.
In mammals, a gonad primordium forms in XX and XY embryos
hat is bipotential and develops into either a testis or an ovary,
epending on the expression of Sry. Sry induces morphogenetic
hanges in the gonad that result in typical testis structure, includ-
ng an increase in size, the organization of testis cords, and the
stablishment of a male-specific vasculature. Between 11.5 and
2.5 dpc, Sry induces vascular and smooth muscle cell migration
rom the mesonephros into the XY gonad. The active recruitment
f endothelial cells from the adjacent mesonephros and the appear-
nce of a large, characteristic vessel specifically in the XY gonad
ndicate that there is an early bifurcation in vascular development
etween XX and XY gonads. This occurs as the developing testis is
ndergoing rapid organization, suggesting that construction of a
pecific vasculature plays an important role in the early patterning
nd function of the organ. We have examined the vascular archi-
ecture of XY vs XX gonads during this time frame to understand
ow vascular migration and XY patterning affect the development
f the testis. Staining with markers for specific subsets of the
asculature, such as lymphatic vessels or arteries/veins has pro-
ided additional information suggesting that the XY gonad employs
lternate mechanisms of vascular development. Preliminary re-
ults indicate that signaling molecules in the Ephrin, Notch,
DGF, and FGF pathways are important for proper vessel pattern-
ng in the XY gonad. It is important for organs to develop special-
s of reproduction in any form reserved.
210 Developmental Biology Volume 235, 2001ized vascular systems which are linked to organ function, although
little is known about the acquisition of these specialized traits or
the role of the vasculature in the morphogenesis and patterning of
organs. The gonad provides us with a unique model system to
address these questions because of the bipotential origin of the
testis and ovary and their subsequent divergence in vascular
development following Sry expression.
180. Decisive Roles of Meiotic Germ Cells in Sex Determination
of Mammalian Gonads. Humphrey H. C. Yao and Blanche
Capel. Department of Cell Biology, Duke University Medical
Center, Durham, North Carolina 27110.
Mammalian sex determination begins with a primordial gonad
that can develop into a testis or an ovary depending on the
expression of Sry. Sry induces a testis pathway leading to cell
migration from mesonephros, formation of testis cords, and inhi-
bition of germ cell entering meiosis. Without Sry, primordial
gonads develop into ovaries with germ cells entering meiosis at
13.5 dpc. The sex dimorphic development of germ cells in meiosis
suggests potential roles of meiotic germ cells in sex determination.
To understand how meiotic germ cells influence sex determina-
tion, we examined effects of meiotic germ cells on testis charac-
teristics (cell migration from mesonephros, cord formation, and
Sox9 expression) by recombinant organ and reconstituted gonad
culture. We were able to induce testis characteristics in 11.5 dpc
XX gonads before germ cells enter meiosis but not in 13.5 dpc XX
gonads containing meiotic germ cells. Germ cells but not somatic
cells appear to be responsible for the incapability to induce testis
characteristics in 13.5 dpc XX gonad because testis characteristics
were induced in 13.5 dpc germ-cell-depleted XX gonad. When we
combined somatic cells from XY gonads and germ cells from 11.5
dpc XX gonads to generate reconstituted gonads, reconstituted
gonads differentiated into testicular tissues with cord formation. In
contrast, cord formation in reconstituted gonads was inhibited
when we combined somatic cells from XY gonads and meiotic
germ cells from 13.5 dpc XX gonads. Our results indicate that
meiotic germ cells in XX gonads produce signals to maintain ovary
development and to antagonize the Sry-induced testis develop-
ment.
181. Assessment of Candidate Ovarian-Determining Genes. K. A.
Loffler, J. Bowles, and P. Koopman. Institute for Molecular
Bioscience, University of Queensland, Brisbane, Queensland,
4072, Australia.
The processes of mammalian sex determination and gonad
differentiation in embryogenesis provide insight into fundamental
developmental processes, involving cell type specification, migra-
tion and morphogenesis, control of cell proliferation, and complex
interactions between several cell types for correct coordinated
development of the organ. Research in the area of mammalian sex
determination has focussed on the male pathway of sex determi-
nation, in particular, Sry. Corresponding early stages of ovarian
development remain poorly understood, though the equivalent
processes of cell fate specification and restriction of developmental
potential must be occurring in the female. It is clear that the
expression of Sry necessary to trigger male development is limited
to a defined temporal window during embryogenesis, and together
with cases of sex reversal or abnormal gonadal differentiation in
humans and model organisms of unknown cause, this strongly
suggests tight regulation of female development in the same crucial
developmental window. Female-specific regulatory genes must
Copyright © 2001 by Academic Press. All rightexist, but very little is known about identities or functions of such
genes. Screening strategies have therefore been put in place to
identify genes that may be differentially expressed between males
and females during early urogenital development. Characterization
of genes with female-specific expression patterns at early stages
may enhance understanding of the control of ovarian differentia-
tion.
182. Effects of Acute Nutritional Stress during the Preimplanta-
tion Stage of Gestation on Reproductive Functions in the
Mouse. J. F. Rosario, Jayasree Sengupta, and D. Ghosh. De-
partment of Physiology, All India Institute of Medical Sci-
ence, New Delhi-110029, India.
In the present study, the effects of temporary nutritional stress
administered during days 2 to 4 postovulation on steroid hormonal
profiles, oviductal and endometrial secretory proteins, preimplan-
tation embryo development, and pregnancy outcome were exam-
ined in mice. Animals were subjected to nutritional stress in the
form of starvation and the use of formulated diets without one or
more proximate principles. Litter size and growth were signifi-
cantly reduced in animals subjected to starvation, diet containing
only protein or only carbohydrate, and diets excluding protein,
carbohydrate, or fat. Furthermore, stress resulted in delayed em-
bryo transport and failure of embryo growth and differentiation as
observed on day 4 of gestation. Serum levels of progesterone were
also significantly low following acute nutritional stress. Analyses
of oviductal and uterine de novo secretory proteins using 2D-PAGE
revealed differential patterns among the various groups studied. It
appears that acute nutritional stress on days 2 to 4 of gestation
affects oviductal and uterine functions leading to desynchroniza-
tion in preimplantation stage embryo growth, development, and
pregnancy failure in laboratory mice.
183. Effects on Teratogenicity by Exposure with Cyclophospha-
mide during Early Organogenic Period. S. J. Kwack, H. S. Kim,
and K. L. Park. National Institute of Toxicological Research,
5 Nokbun-dong Eunpyung-ku Seoul, 122-704, Korea.
Cyclophosphamide(CP), a commonly used anticancer immuno-
suppressive agent, is a well-known teratogenic compound in ani-
mals. The effects on male fertility and female pregnancy have been
largely studied in animals treated with CP. However, the relation-
ship between the effects of maternal CP treatment on specific day
of organogenesis and the pregnancy outcome is unknown. There-
fore, we investigated the relationship in pregnant female Sprague–
Dawley rats administrated intravenously with CP (5, 10, 20, and 40
mg/kg) at 10, 11, or 12 days of gestation. Pregnant dams were
caesarean sectioned at gestational day 20 and investigated the
pregnant index of mother and the viability, weight, sex, and type of
malformations of fetus. CP dose dependently decreased the relative
and absolute weight of liver and spleen, but increased the relative
weight of right and left kidneys in dams. The number of live fetus
was not observed at 10 days of gestation in dose of CP 20 and 40
mg/kg and at 11 days in doses of 40 mg/kg. Among the external
malformations of fetus, the excencephaly was prominent by treat-
ment with CP, although the rate and intensity of malformations
induced in dose-dependent manner. These results suggest that the
exposure by CP at specific gestational period plays an important
role in teratogenicity. And the fetal toxicity is very potent during
early stage in period of organogenesis by exposure with CP.
s of reproduction in any form reserved.
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211SDB Meeting Abstracts184. POP2, a Gene Required for Guidance of Arabidopsis Pollen
Tubes, Is Similar to Class III v Aminotransferases. Ravishan-
kar Palanivelu, Laura K. Wilhelmi, and Daphne Preuss. De-
partment of Molecular and Cellular Biology, University of
Chicago, Chicago, Illinois 60637.
Successful fertilization in plants requires precise guidance of
pollen tubes to the ovules, an event mediated by strong adhesion
interactions and specific signaling events. Mutations in the pollen–
pistil interaction gene, POP2, cause a specific and dramatic disrup-
tion of guidance: pollen tubes do not adhere to ovule tissue and fail
to target the eggs. Crosses between mutant and normal plants show
that this mutant is self-sterile: sterility occurs only when mutant
pistils are pollinated by mutant pollen. To better understand the
specific role of POP2 in pollen tube guidance, we cloned the POP2
gene by chromosome walking. A genomic fragment containing the
cloned gene complements the pop2 allele, restoring fertility to
mutant plants, providing additional evidence that the cloned gene
was indeed POP2. Sequence analysis of the cloned gene shows that
POP2 gene has strong homology to class III v aminotransferases,
enzymes that catalyze transfer of amino groups during the synthe-
sis of v amino acids. In addition to the pop2-1 allele, we have also
identified three different T-DNA insertional alleles of POP2. Our
current work focuses on utilizing these POP2 alleles to understand
the function of POP2 in pollen tube guidance by (i) identifying and
characterizing the substrate for POP2 aminotransferase and (ii)
identifying the genes through microarray experiments that show
altered expression in the pop2-1 mutant compared to the wild-type
plants.
185. L-HGP, a Heterodimeric Mucin-like Protein with Acrosome
Protective Properties. S. E. Arranz, R. Cabrera, and M. O.
Cabada. Instituto de Biologia Molecular y Celular de Rosario
(CONICET), Facultad de Ciencias Bioquimicas y Farmaceuti-
cas, Universidad Nacional de Rosario, S2002LRK-Rosario,
Argentina.
Eggs from Bufo arenarum are surrounded by four layers of jelly
that are needed for fertilization. The mechanism of sperm penetra-
tion through these layers is unknown and should not involve
acrosome content, as the acrosome reaction seems to occur at the
vitelline envelope. The jelly coat is composed of a gel-forming
mucin and soluble proteins. One of the main soluble protein is
L-HGP, a mucin-like protein. L-HGP is a disulfide-linked het-
erodimer with O-linked oligosaccharides and estimated Mr be-
ween 200 and 250. L-HGP expression was detected only in the
viduct. Immunolocalization studies indicated that this protein is
resent in the apical region of secretory epithelial cells all along the
viduct. Immunoblot analyses on tissue homogenates and secre-
ions of different oviductal portions showed that L-HGP is ex-
ressed in all of them and may be present in the four jelly layers.
owever, two isoforms were detected in different portions. The
ariability in molecular mass observed between them is due to a
ifference in the peptide core. This could be related to the gain-loss
f some function of the protein depending on the jelly layer
ocalization. Binding assays showed that L-HGP interacts with
permatozoa membranes. Moreover, incubation of spermatozoa
ith this protein prevents acrosome from breakdown. These com-
ined results suggest that L-HGP may contribute to the migration
f spermatozoa through the jelly layers providing antiadhesive
roperties and preventing acrosome reaction until the spermatozoa
each the vitelline envelope.
Copyright © 2001 by Academic Press. All right86. Identification of a Sperm Lysin in the Frog Lepidobatrachus
laevis. V. Hutchins-Latham and E. J. Carroll, Jr. Department
of Biology, California State University at Northridge, 18111
Nordhoff Street, Northridge, California 91330-8238.
In many animal species, sperm lysins function to promote sperm
enetration of egg extracellular coats, e.g., egg jelly (glycoproteins
n one or more layers) and/or the vitelline envelope (glycoproteins
n a layer adjacent to the egg plasma membrane). In Lepidobatra-
hus laevis, a South American frog species, we have identified
perm lysin(s) based on catalytic activity against natural substrates.
perm release was hormonally stimulated from identified males,
nd sperm were collected by centrifugation and frozen in liquid
itrogen. The preparation was lyophilized and extracted with
ilute 10 mM Tris–HCl, pH 7.6, on ice for 1–3 h. The preparation
as centrifuged and the supernatant solution was used as a crude
ysin preparation. The lysin preparation was incubated with a
itelline envelope suspension and aliquots were removed at various
imes, centrifuged, and prepared for analysis using reducing and
enaturing electrophoresis. Product polypeptides were detected in
he low to midmolecular weight range of the gel and were depen-
ent upon lysin. Future work will focus on purification/
haracterization of the lysin(s) and determination of the peptide
pecificity with various substrates.
87. Xenopus Sperm Display Three Swimming Patterns: Ideal
Corkscrew, Uncoupled Corkscrew, and Idle. S. Naqvi, A.
Kittelson, and D. E. Chandler. Molecular and Cellular Biology
Program and the Departments of Biology and Chemistry and
Biochemistry, Arizona State University, Tempe, Arizona
85287-1501.
Previously we have shown that Xenopus sperm are corkscrew
haped and swim in a helical, corkscrew-like motion (Reinhart et
l., 1998, Zygote 6, 173). Here we report that sperm swimming in
1, a low-salt buffer, exhibit less efficient coupling of their helical
otion to forward progress than do sperm swimming within the
ntact jelly layers of a Xenopus egg. Measurement of rotational and
orward velocities of individual sperm was carried out by video
icroscopy followed by trajectory tracings onto acetate. For sperm
wimming in jelly, the ratio of these two velocities was about
2°/mm and remained relatively constant over a range of forward
velocities suggesting an efficient coupling of the two motions. In F1
buffer, both forward and rotational velocities of individual sperm
were 100 to 200% higher than their corresponding velocities in
jelly. Furthermore, the ratios of these velocities averaged 45°/mm
suggesting a degree of uncoupling between rotation and forward
progress. Unexpectedly, the swimming of individual sperm showed
rapid changes of this ratio within seconds. We hypothesize that
efficiency of coupling is affected both by the viscosity of the
medium and by rapid changes in the flagellar power stroke. (This
study was supported by NSF Grant IBN-9807862.)
188. Allurin, a 21-kDa Sperm Chemoattractant from Xenopus Egg
Jelly, Is Related to Mammalian Sperm-Binding Proteins of the
CRISP Family. X. Xiang, J. Olson, J. Johnson, A. Rawls, A. L.
Bieber, and D. E. Chandler. Molecular and Cellular Biology
Program and Departments of Biology and Chemistry and
Biochemistry, Arizona State University, Tempe, Arizona
85287-1501.
Recently, we have isolated and purified to homogeneity a 21-
kDa sperm chemoattractant from the egg jelly of Xenopus laevis
s of reproduction in any form reserved.
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212 Developmental Biology Volume 235, 2001(see abstract by Olson et al.). Partial amino acid sequencing of the
mino terminal and of five peptide fragments resulting from
rypsin and V8 protease cleavage allowed design of gene-specific
rimers. The gene was cloned by RT/PCR using mRNA from the
ars convoluta region of the frog oviduct. The protein encoded by
he gene was shown to consist of a single, 184-amino-acid chain
aving an exact molecular mass of 21,063 Da, very close to the
xperimental value of 21,059 Da determined by MALDI-mass
pectrometry. The protein shares homology with the mammalian
ysteine-rich secretory protein (CRISP) family. Sequence homology
as greatest to TPX-1, a cell adhesion protein that links spermato-
ytes to Seritoli cells and to acidic epididymal-secreted glycopro-
eins (AEGs), proteins that have been implicated in sperm–egg
usion. All of these proteins contain a 1CFE conserved domain for
hich a three-dimensional, NMR-based structure is available.
llurin, TPX-1, AEG1, and 1CFE all contain a series of conserved
ysteines; thus, intramolecular disulfide bonds may account for the
eat stability of this Xenopus CRISP protein. Future studies will
etermine how broadly allurin-like proteins are expressed in both
enopus and mammals. (This study was supported by NSF Grant
BN-9807862.)
89. Isolation of Allurin, a 21-kDa Sperm Chemoattractant Pro-
tein from Xenopus laevis Egg Jelly: Purification and Charac-
terization. J. H. Olson, X. Xiang, T. Ziegert, A. Kittelson, K.
Stone, D. Simh, D. E. Chandler, and A. L. Bieber. Departments
of Biology and Chemistry and Biochemistry, Arizona State
University, Tempe, Arizona 85287-1501.
Previously we demonstrated that a protein from Xenopus egg
elly exhibits sperm chemoattractant activity when assayed by
ither video microscopy or by sperm passage across a porous filter
Al-Anzi and Chandler, 1998, Dev. Biol. 198, 366). This protein,
eferred to as Allurin, has now been isolated and found to be 21 kDa
n size and extremely heat and solvent stable. The protein was
urified to homogeneity in three steps. Freshly oviposited, jellied
ggs were soaked in buffer for 12 h at 4°C, and then the buffer was
oncentrated, loaded onto a Hyper Q anion-exchange column, and
luted at pH 6.5 using a NaCl gradient. One peak in the eluate
ontained the majority of chemoattraction activity and by SDS–
AGE exhibited a major band at Mr 5 23 kDa. This peak, applied to
reverse-phase HPLC column, eluted at 60% acetonitrile and was
omogeneous as indicated by HPLC, MALDI–MS, and SDS–PAGE.
mino acid analysis showed that it is an acidic, polar protein with
pI of 4.9 as measured by IEF. Currently, we are preparing
olyclonal antibodies to localize this protein. Since this protein
ppears be related to the CRISP family of mammalian proteins that
ind to sperm (TPX-1 and AEG; see abstract by Xiang et al.) we
xpect this protein to bind to Xenopus sperm and to immunolocal-
ze to secretory cells in the oviduct. (This study was supported by
SF Grant IBN-9807862.)
90. Identification of a Conserved Candidate Gene for the Sper-
miogenesis Defect in the Mouse Mutant Quaking. Diego
Lorenzetti and Monica J. Justice. Department of Molecular
and Human Genetics, Baylor College of Medicine, Houston
Texas.
quaking is a neurological mouse mutant characterized by severe
ysmyelination of the central nervous system. The qk mutation is
lso associated with male infertility. Semen of homozygous qk
ales is azoospermic and histological analysis of their testes show
defect in spermatid maturation. The molecular defect in the
Copyright © 2001 by Academic Press. All rightuaking mutant consists of a deletion of approximately 1 Mb
quaking viable, qkv) on chromosome 17. This deficiency results in
altered expression of transcripts from qkI, a gene mapping adjacent
to the proximal deletion breakpoint. Complementation analysis
between the qkv deletion and ENU-induced alleles of quaking
suggests that the spermiogenesis defect in quaking is likely due to
the loss of one or multiple loci distinct from qkI, mapping to the
deleted interval. The work presented here describes the cloning and
preliminary characterization of a testis-specific candidate gene
mapping within the qkv deletion. Analysis of human genomic
sequences from an interval syntenic to the deleted interval on
mouse chromosome 17 allowed us to identify a transcript ex-
pressed exclusively in testes of wild-type mice but absent in those
homozygous for the qkv deletion. It encodes for a novel protein
imilar to predicted polypeptides in Caenorhabditis elegans, in
Drosophila, and in the parasitic protozoan Leishmania. Experi-
ments to determine the cellular localization of this transcript
within the testis are under way. In parallel, a two generation ENU
mutagenesis screen for spermatogenesis-specific alleles within the
qkv deletion is in progress.
191. Sperm Nuclear Basic Proteins in Drosophila simulans Under-
going Wolbachia-Induced Cytoplasmic Incompatibility. H.
Harris and H. Braig. University of Wales, Bangor, Gwynedd,
United Kingdom, LL33ORH.
Rickettsiae-like endosymbionts are widespread in arthropods,
including insects (Stouthamer et al., 1999, Annu. Rev. Microbiol.
53, 71). Maternally inherited bacteria of the genus Wolbachia are
ound in somatic and germ line tissues in Drosophila simulans and
ause cytoplasmic incompatibility CI. CI is a form of embryonic
ethality whereby eggs from uninfected females do not develop
hen fertilized by sperm from infected males. In these zygotes,
lthough the sperm nucleus and associated structures appear
ormal immediately after fertilization, paternal chromosome con-
ensation is delayed relative to the condensation of the maternal
hromosome set and the first mitotic division is not successfully
ompleted (Callaini et al., 1997, J. Cell Sci. 110, 271). In eggs of
infected females, sperm from infected males are rescued by an
unknown mechanism and development proceeds normally. To
understand the nature of the modification that renders infected
sperm unable to support early development of uninfected eggs, we
have characterised nuclear proteins from infected and uninfected
D. simulans sperm. Testes and seminal vesicles from virgin male
flies were lysed and chromatin was digested in 0.4 N H2SO4.
Sperm-specific nuclear proteins were separated on urea–acetic acid
gels and further characterised by mass spectrometry. D. simulans
sperm possess a major protein band similar to the protamine-like I
band described in bivalve molluscs (Ausio, 1992, Mol. Cell Bio-
chem. 115, 163). Several other slower migrating bands are also
present. The properties of these proteins and the implications for
the further understanding of CI will be discussed.
192. Abstract #192 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
193. Investigating egalitarian’s Function during Drosophila Oo-
genesis. C. Navarro, J. Z. Morris, and R. Lehmann. HHMI,
NYU Medical Center, Skirball Institute, New York, New
York 10016.
s of reproduction in any form reserved.
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213SDB Meeting AbstractsDrosophila oogenesis provides an excellent system for the study
of cellular differentiation. The process of oogenesis begins when a
stem cell divides to produce another stem cell and a cystoblast. The
cystoblast then goes on to divide four times incompletely to
produce a cyst of 16 cells. One of these 16 cells will eventually go
on to become the oocyte while the other 15 cells develop as
polyploid nurse cells. Several key processes need to occur for
oocyte fate to become restricted to this cell: The future oocyte
needs to arrest in meiosis I, it needs to form a microtubule-
organizing center, and specific determinants, RNAs, and proteins
need to localize to the future oocyte. The localization of these
determinants seems to be essential for the oocyte to develop
properly since mutants that disrupt this process such as egalitarian
and Bicaudal D fail to form a proper oocyte and all 16 cells develop
s nurse cells. We are interested in understanding how egl func-
ions during oogenesis and are taking several approaches to address
his problem. Using a weak egl allele we have found that egl is
important not only for proper oocyte determination but also later
in oogenesis for proper axis specification. To assess how egl can be
affecting these processes we have begun a structure/function
analysis of the EGL protein. We are currently examining putative
domains within the EGL protein to identify which regions of the
protein are necessary for its function. We have also carried out a
clonal screen using the FLP/FRT system to find possible egl
interactors. From this screen we have found several mutations that
seem to give a 16-nurse-cell phenotype based on their failure to
accumulate the oocyte specific marker ORB. These mutations are
in the process of being phenotypically characterized further and
tested for their ability to interact with egl genetically.
194. Roles of Notch/Abl/Dab and Notch/Su(H) Signaling Pathways
in Drosophila Axon Patterning. M. Le Gall, M. Gates, C.
DeMattei, and E. Giniger. Fred Hutchinson Cancer Research
Center, 1100 Fairview Avenue North, Seattle, Washington
98109-1024.
The transmembrane receptor Notch is a key player in neuronal
evelopment: it both determines neuron cell fate and directs axon
atterning. The best understood Notch signaling pathway involves
ctivation of the transcription factor Suppressor of Hairless (Su(H)).
owever, we have previously shown that Notch also interacts
enetically with the Abl tyrosine kinase and biochemically with
he Abl modifier Disabled (Dab) defining a new Notch signaling
athway independent of Su(H). To determine the relative contribu-
ions of the Su(H) and the Abl/Dab pathways in Notch-dependent
xon patterning, we have used two complementary approaches: (1)
ystematic mutation of Notch to identify the domains that control
xon patterning and (2) isolation and analysis of a Dab mutant. Our
ata show that the Ram and Ank domains of Notch are required for
he control of axon patterning whereas a large intracellular domain
f Notch, which regulates the Jnk pathway, is dispensable. We have
lso identified Su(H) and Dab binding sites in the Notch protein
nd will analyze the phenotypes of mutants lacking these sites. To
urther characterize the Notch/Abl/Dab pathway, we have isolated
mutant of Dab. Dab mutant embryos present unpredicted pheno-
ypes. First, the ventral nerve cord fails to condense during late
tages of embryogenesis. Second, there are a variety of axon
uidance errors where particular nerve tracts fail to extend to their
ormal targets and/or are misrouted to incorrect locations. Finally
he normal pattern of muscle positioning is frequently disturbed.95. A Targeted Gain of Function Screen to Identify Genes In-
volved in Axon Guidance in the Drosophila CNS. V. L.
Copyright © 2001 by Academic Press. All rightMcGovern and M. A. Seeger. Department of Molecular Ge-
netics, Ohio State University, Columbus, Ohio 43210.
We are interested in understanding the mechanism by which
axons are guided to their appropriate targets. To assemble a
complex nervous system neurons must first extend axon projec-
tions to their appropriate targets. Previously, several loss of func-
tion screens have been conducted to elucidate the molecular cues
important in axon guidance. However, it has been estimated that
two-thirds of genes have no easily assayable loss of function
phenotype (Huang and Rubin, 2000, Genetics 156, 1219). To
identify genes that may have been missed in previous loss of
function studies we have undertaken a gain of function screen in
the embryonic CNS of Drosophila. This targeted gene misexpres-
sion technique was first introduced by Rorth (1996, PNAS 93,
12418). Using both transposable P elements and the yeast UAS/
GAL4 system, expression of endogenous Drosophila genes can be
driven in all neurons of the Drosophila CNS. Embryos are stained
with two monoclonal antibodies, a general axon marker and a
second more specific antibody that stains a subset of axon path-
ways. Over 4100 individual P element insertion lines have been
screened. Approximately 50 lines have been saved for further
analysis. Genes known to be involved in axon guidance, such as
robo2, drl, and Ptp10, have been identified. Genes involved in
development of the embryo such as EGFR, rho, dpp, hh, and stg
have also been identified. In addition, several previously uncharac-
terized open reading frames have been implicated in generating
misexpression phenotypes.
196. Alternate Isoforms of Lola Regulate the Coordinated Expres-
sion of Many Networks of Axon Guidance Molecules in
Drosophila. S. Goeke, E. A. Greene, and E. Giniger. Fred
Hutchinson Cancer Research Center, 1100 Fairview Avenue
North, Seattle, Washington 98109.
Every axon guidance decision requires the coordinated spatial
and temporal expression of a specific combination of axon guidance
genes. The transcription factor Longitudinals lacking (Lola) regu-
lates three separate and distinct axon patterning decisions in the
developing Drosophila embryo, in each case apparently by coordi-
nate transcriptional regulation of multiple guidance genes. Lola
coordinates and promotes longitudinal tract axon extension and
midline repulsion in the CNS and proper muscle innervation by the
ISNb motorneurons in the PNS. We determined that the Lola gene
encodes 18 protein isoforms. All 18 share a BTB/POZ dimerization
domain; however, all but one isoform has its own unique DNA-
binding domain. These unique C-terminal exons contain either a
single Zn-finger or a Zn-finger pair. We have determined that
distinct but overlapping subsets of Lola isoforms are expressed at
different developmental stages. We postulate that different Lola
isoforms may control different axon guidance decisions. Consistent
with this idea, we have identified separate Lola mutant alleles
which specifically disrupt particular Lola-dependant guidance de-
cisions. The diversity of Lola variants, coupled with the opportu-
nity for heterodimerization (both between Lola isoforms and with
other related BTB-containing proteins), theoretically allows Lola
the possibility of encoding over 100 different DNA-binding speci-
ficities.
197. Getting from Here to There: Axon Guidance in the Periphery.
J. Eberhart, M. Swartz, E. B. Pasquale, S. A. Koblar, and C. E.
Krull. University of Missouri–Columbia, Columbia, Missouri
65211; The Burnham Institute, La Jolla, California 92037; and
s of reproduction in any form reserved.
214 Developmental Biology Volume 235, 2001University of Adelaide, Adelaide, South Australia, 5005, Aus-
tralia.
Motor axons project to their muscle targets in the periphery in a
precise manner. We are interested in unraveling the mechanisms
that underlie the stereotypical projections of motor axons to their
final destinations in the avian hindlimb. To this end, we have
focused on the potential role of members of the Eph family in this
process. Our previous results demonstrated that EphA4 and its
ligands, ephrin-A2 and -A5, were expressed in a dynamic manner
by motor neurons, their axons, and their pathways to the hindlimb.
These results suggest that these factors could play multiple roles in
axon pathfinding to the periphery. In a gain-of-function approach,
we are ectopically expressing EphA4 in motor neurons prior to
axon extension, using in ovo electroporation. Our subsequent
analyses of projections in these embryos reveals that some motor
axons extend aberrantly into dorsal territories. In a similar manner,
we are expressing a cytoplasmically truncated form of EphA4 in
motor neurons to disrupt endogenous EphA4–ephrin signaling. In
combination, the results of these experiments should enhance our
understanding of the factors that sculpt neural architecture during
development.
198. Pioneer Axon Guidance Errors in Pax6 Mutants Are Rescued
by Whole Mouse Embryo Electroporation. G. S. Mastick.
University of Nevada, Reno, Nevada 89557.
The first longitudinal axon pathway in the forebrain is estab-
lished by the TPOC axons, with their guidance critically dependent
on patterns of the transcription factor Pax6. The axon trajectories
closely match the pattern of Pax6 in wild-type embryos, but the
axons make significant errors in Pax6 mutant mouse embryos.
Several distinct types of errors include premature stopping, diver-
gence from pathway, increased looping, and failure to cross a
specific boundary. Analysis of these errors suggests multiple roles
for Pax6 in axon guidance. To separately test these multiple roles,
we have developed an approach to selectively restore or alter Pax6
patterns. This method involves electroporation of Pax6 expression
plasmid DNA into mutant mouse embryos, followed by whole
embryo culture for 1 day during the period of axon outgrowth.
Local and short-term Pax6 expression is sufficient to regaining
efficient axon growth along the new Pax61 pathway; in particular,
boundary crossing is rescued. These results lead to a model in
which the Pax6 pattern of expression creates a pathway for TPOC
axons. Within in this pathway, Pax6-expressing cells appear to
influence axons in a local, contact-mediated manner. In the future,
this new ability to manipulate patterns of Pax6 and other genes
should provide insight into how regional patterning genes and axon
guidance molecules steer pioneer axons.
199. R-Cadherin Is a Pax6-Regulated, Growth-Promoting Cue for
Pioneer Axons. G. L. Andrews and G. M. Mastick. Biology and
Biochemistry Departments, University of Nevada at Reno,
Reno, Nevada 89557.
The cadherin family of cell adhesion molecules are involved in
cell morphogenesis, boundary formation, axon fasciculation, and
axon elongation. R-cadherin (R-cad) is expressed in discrete do-
mains in the forebrain and overlaps the domain of Pax6, a tran-
scription factor required for the guidance of a set of pioneer axons
forming the tract of the postoptic commissure (TPOC). In previous
experiments, we found that in Pax6 mutant mouse embryos the
trajectory of TPOC axons is severely disrupted. To investigate the
Copyright © 2001 by Academic Press. All rightrelationship between Pax6 and R-cad and to test the role of R-cad in
axon guidance, we used antibody labeling, axon labeling, and
explant culture. In wild-type embryos, R-cad is expressed in the
TPOC axon pathway and defines a discrete group of cells in ventral
thalamus and hypothalamus. The axons traveling through this
R-cad1 domain respect the boundaries of R-cad expression. Also,
the TPOC neurons are R-cad1, allowing potential homophilic
binding between axons and surrounding R-cad1 cells. Antibody
labeling with Pax6 and R-cad showed that R-cad is coexpressed
with Pax6. In Pax6 mutant embryos, R-cad expression is lost
specifically from the TPOC pathway, correlating with TPOC axon
guidance errors. To directly assess the role of R-cad on TPOC axon
growth, we cultured TPOC neuron explants on monolayers of
R-cad1 vs R-cad2 cells and found that the R-cad1 cells promoted
significantly longer axon growth. These in vivo and in vitro results
suggest that patterns of R-cad may guide pioneer axon outgrowth in
the forebrain.
200. What Is the Role of the Growth Cone Kinase Cdk5 in Axon
Patterning? L. Connell-Crowley, D. Vo, and E. Giniger. Fred
Hutchinson Cancer Research Center, 1100 Fairview Avenue
North, Seattle, Washington 98109.
Cyclin-dependent kinase 5 (Cdk5) and its activating subunit,
p35, are required for neuronal migration during nervous system
development and cause neural degeneration when misregulated.
Vertebrate cell culture and biochemical evidence has also impli-
cated the Cdk5-p35 complex in axon growth and guidance. Both
Cdk5 and p35 are localized to axons and growth cones, and Cdk5
activity modulates the efficiency of neurite extension in cultured
neurons. Furthermore, the activity of the Cdk5–p35 complex in
vitro is increased upon phosphorylation by the axonal kinase Abl.
We have examined the role of the Cdk5–p35 complex in vivo by
altering neuronal Cdk5 activity during axon patterning in Drosoph-
ila embryos. Increased neuronal Cdk5 activity from coexpression of
Cdk5 and p35, or decreased activity due to a p35 null mutant or
expression of Cdk5dn causes widespread errors in axon patterning,
demonstrating that Cdk5 activity is required for accurate axon
patterning in vivo. To define the mechanism of Cdk5 action, we
have looked genetically for interactions between Cdk5/p35 and
known axon guidance genes. We have found that Cdk5/p35 inter-
acts genetically with multiple genes in the Abl signaling pathway.
Additionally, we have identified several guidance genes, encoding
receptors, ligands, and axonal signaling proteins, whose pheno-
types are strongly enhanced by reduction of Cdk5 activity. Analysis
of these results will allow us to precisely define the role of Cdk5 in
axon patterning and understand the molecular basis of this role.
201. Identifying Caenorhabditis elegans UNC-4 Targets. S. E. Von
Stetina and D. M. Miller III. Vanderbilt University, Nashville,
Tennessee 37232-2175.
The UNC-4 homeoprotein is expressed in VA class motor
neurons to specify presynaptic inputs. In unc-4 mutants, VA motor
neurons adopt synaptic inputs normally reserved for their lineal
sisters, the VB motor neurons. Work done in this laboratory has
shown that UNC-4 and the Groucho homolog UNC-37 function
together in the VAs to repress VB-specific genes. Two VB genes,
del-1 and acr-5, are ectopically expressed in the VAs in unc-4 and
unc-37 mutants. However, knock-out mutations of del-1 and acr-5
have no detectable effect on VB function, which rules out a
necessary role for these genes in the specification of VB-type
inputs. We have begun studying the del-1 and acr-5 promoters to
s of reproduction in any form reserved.
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215SDB Meeting Abstractsunderstand how UNC-4 represses its target genes. Deletion analy-
sis of the acr-5 promoter has revealed a 1-kb module which is
sufficient to drive expression in the VB motor neurons and is
negatively regulated by UNC-4. Alignments of the Caenorhabditis
briggsae (Cb) and C. elegans (Ce) acr-5 promoters, however, have
ot revealed obvious blocks of conserved sequence. We are cur-
ently making systematic deletions of this region in an effort to
nd an UNC-4 response element (U4RE). Alignments of the Cb and
e del-1 promoters have revealed several regions of conserved
equence. Furthermore, the C. elegans del-1 promoter contains a
3 palindromic sequence that UNC-4 binds in vitro. A deletion
utant removing this palindrome and several conserved boxes has
een made and will be analyzed. The U4REs that these approaches
eveal should help us identify likely targets for UNC-4 regulation
rom the results of whole genome worm microarray experiments
omparing mRNAs from wild-type vs unc-4 and unc-37 mutant
orms.
02. Lox6, a Leech Dfd Ortholog, May Play a Role in the Pattern-
ing of the Nervous Systems. M. E. Mercado-Pimentel and
G. O. Aisemberg. Lehman College and Graduate Center of
CUNY.
Our lab is interested in determining the pattern of expression
nd the role that Hox genes play in the development of the nervous
ystem at the level of single, identified neurons, using as a model
he leech Hirudo medicinalis. The leech Hox gene Lox6 is ex-
ressed in the peripheral and central nervous systems (PNS and
NS) of the leech embryo. Immunohistochemical staining of
mbryos at different stages of development and dye cell fills have
evealed the identity of some of the cells that express the Lox6
rotein. In the CNS, double staining of embryos at stages E6–E8
ith Laz1-1 and Lox6 antibodies shows that Lox6 is expressed in
he Bipolar cells. During these same stages, Lox6 is also expressed
n a group of serotonergic neurons, the Retzius, ams, and dls
eurons, in rostral neuromeres (RN) 3 and 4. Dye cell fills followed
y immunostaining show that Lox6 is expressed in the dorsal
ressure (PD) sensory neurons. In the PNS, Lox6 is expressed in
cells of the 14 sensillae of each segment (beginning at stage E6), as
well as in cells of the lip sensillae and of the eyes. Lox6 is also
expressed in circular and longitudinal muscle cells. It is known
that the pairs of eyes 3 and 4 connect to RN3 through the DC nerve,
and the pair of eyes 5 connect to RN4 through the DD nerve. RN3
and RN4 are the two neuromeres with the largest number of
Lox6-positive central neurons. In addition, it is known that sensil-
lae S6 and S7 extend their axons through the DP nerve, which is
pioneered by the axon of the PD neurons. These facts suggest that
Lox6 regulates homophilic cell adhesion molecules involved in
axonal navigation or target recognition.
203. Nerfin-1, a Member of the Conserved EIN Zn-Finger Subfam-
ily, Is Required for Proper Cell Fate Specification in the
Developing Drosophila Nervous System. A. Kuzin, C. Stivers,
T. Brody, and W. F. Odenwald. Neurogenetics Unit, Labora-
tory of Neurochemistry, NINDS, Bethesda, Maryland 20892.
We have discovered a new panneural precursor gene, nerfin-1,
from a differential expression screen of a stage-specific embryonic
head cDNA library. nerfin-1 belongs to a conserved Zn-finger gene
subfamily, with human, mouse, and nematode cognates identified
thus far. Loss-of-function studies reveal that its encoded protein is
essential for correct lineage development in both the CNS and
PNS. In addition to the aberrant expression of multiple neuronal
Copyright © 2001 by Academic Press. All rightidentity regulators, our dsRNA interference experiments indicate
that Nerfin-1 may also be required for proper axonal outgrowth.
During embryonic CNS development, nerfin-1 mRNA expression
shifts from early delaminating neuroblasts to ganglion mother
cells. However, immunolocalization studies reveal that Nerfin-1
protein only accumulates in the nucleus of neuronal precursor cells
that are poised to undergo a single final division that generates
neurons, the MP-2 neuroblast, and ganglion mother cells. Interest-
ingly, after this final division, Nerfin-1 exits the nucleus and is
transported into the growing axons. To further investigate the role
of Nerfin-1, we are now generating stable loss-of-function muta-
tions, gain-of-function transformant lines, and transformant lines
that express Nerfin-1/GFP chimeric proteins. These tools will be
employed to determine if Nerfin-1 is involved in the temporal
regulation of neural lineage development. More specifically, we
will determine if Nerfin-1 function is required for precursor cells
and/or their nascent neurons to exit the cell cycle and undergo
terminal differentiation.
204. A cDNA Screen for Drosophila Genes That Are Dynamically
Expressed during the Generation of Embryonic Neural Lin-
eages. T. Brody, C. Stivers, A. Kuzin, and W. F. Odenwald.
Neurogenetics Unit, NINDS, NIH, Bethesda, Maryland.
We have described a transcription factor network, the Hb 3
Pdm 3 Cas cascade, that regulates temporal transitions in gene
expression during CNS lineage development. To discover addi-
tional components of this network, both upstream and down-
stream, we have carried out an expression screen. A cDNA library
was prepared from 2600 individually dissected 8.5 h (stage 11)
embryonic heads. The unamplified library was screened to remove
widely expressed sequences. cDNAs corresponding to 4500 tempo-
rally regulated genes have been partially sequenced to determine
the corresponding genes. We have subsequently carried out over
1500 in situ hybridizations in order to discover which of these
genes are expressed in neural precursors. Our expression studies
have revealed more that 50 new genes that are dynamically
expressed during CNS development. The expression patterns of
many of these new CNS lineage markers will be presented. We will
also release information about the identity of these cDNAs in a
web site titled BrainGenes: a search for Drosophila neural precur-
sor genes. The URL of the site is http://sdb.bio.purdue.edu/fly/
brain/ahome.htm.
205. Timing and Competence of Neural Crest Formation. Martı´n
L. Basch,* Mark A. J. Selleck,† and Marianne Bronner-Fraser.*
*California Institute of Technology, Pasadena, California
91125; and †University of Southern California, School of
Medicine, Los Angeles, California 90033.
Neural crest cells can be induced by an interaction between
neural plate and ectoderm. To clarify the timing and nature of these
inductive interactions, we have examined the time of competence
of the neural plate to become neural crest as well as the time of
neural fold specification. The neural plate is competent to respond
to inductive interactions with the nonneural ectoderm for a limited
period, rapidly losing its responsive ability after stage 10. In
contrast, nonneural ectoderm from numerous stages retains the
ability to induce neural crest cells from competent neural plate.
When neural folds are explanted to test their ability to produce
neural crest without further tissue interactions, we find that folds
derived from all rostrocaudal levels of the open neural plate are
already specified to express the neural crest marker Slug. However,
s of reproduction in any form reserved.
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216 Developmental Biology Volume 235, 2001additional signals may be required for maintenance of Slug expres-
sion, since the transcript was later down-regulated in vitro in the
absence of tissue interactions. Taken together, these results sug-
gest that there are multiple stages of neural crest induction. The
earliest induction must have occurred by the end of gastrulation,
since the newly formed neural fold population is already specified
to form neural crest. However, isolated neural folds eventually
down-regulate Slug, suggesting a second phase that maintains
neural crest formation. Thus, induction of the neural crest may
involve multiple and sustained tissue interactions.
206. Underlying Mesoderm Is Not Required for Neural Crest
Induction. J. W. Ragland and D. W. Raible. Molecular and
Cellular Biology and Biological Structure, University of Wash-
ington, Seattle, Washington 98195.
Classical experiments predict that factors secreted from the
araxial mesoderm are important for neural crest induction in
verlying ectoderm. In contrast, more recent experiments indicate
hat interactions between neural and nonneural ectoderm are
ufficient for neural crest induction. To investigate the role of
esoderm in neural crest induction in vivo, we have taken
advantage of the genetic and embryological properties of zebrafish.
In mutants that disrupt the Nodal signaling pathway (cyc;sqt,
mzoep), mesoderm fails to involute during gastrulation and the
resulting embryo has no head and trunk mesendoderm. By overex-
pressing the TGF-b-related signaling molecule Antivin, we can
eproduce this phenotype. We observe that presumptive neural
rest markers are expressed in nodal mutants and in Antivin-
njected embryos, which fail to express mesodermal markers. In
ddition, we examined whether dorsal mesoderm inhibits neural
rest gene expression in the dorsalized swr/zbmp2b mutants.
eural crest gene expression was not rescued following overexpres-
ion of Antivin in this background. This result suggests that
xpanded dorsal mesoderm is not solely responsible for the lack of
eural crest induction in swr mutants. Taken together, these
esults support a model in which ectodermal interactions requiring
functional BMP signaling pathway are sufficient for neural crest
nduction. However, differences in the A/P and D/V extent of
eural crest gene expression domains suggest that mesoderm may
e important for refining their spatial pattern.
07. Colgateb382 Is Required for the Normal Development of Sub-
sets of Neural Crest Cells, Primary Neurons, and the Pectoral
Fin. R. M. Nambiar and P. D. Henion. The Neurobiotechnol-
ogy Center and Molecular, Cellular and Developmental Biol-
ogy Program, Ohio State University, Columbus, Ohio 43210.
The zebrafish colgateb382 mutant was isolated in a screen for
mutations affecting neural crest development based on its abnor-
mal melanocyte pattern. Further analysis has revealed abnormal
patterning of neural-crest-derived iridiphores and xanthophores, a
severe reduction in crest-derived median fin fold mesenchyme,
absence of sympathetic neurons, and the lack of crest-derived
craniofacial elements. In contrast, neural-crest-derived dorsal root
ganglion sensory neurons are present although abnormally pat-
terned dorsoventrally. Using sublineage-specific markers at earlier
developmental stages in mutant embryos, we found that the
number and pattern of precursors for melanocytes, iridiphores,
xanthophores, and branchial arches predicted the subsequent phe-
notypes of differentiated derivatives. Similarly, analysis of neural
crest morphogenesis using the panneural crest marker crestin
revealed both a decrease in the number of neural crest cells and a l
Copyright © 2001 by Academic Press. All rightretardation of migration. These results suggest that colgate is
required for the production of specific subsets of neural crest cells
and may be generally required for appropriate migration. We have
also found abnormalities in the development some other nonneural
crest cells in colgate mutants. For example, we have observed
xonal pathfinding errors in primary motor neurons, the lateral line
erve, and axons from trigeminal ganglion neurons. In addition, we
ee an absence of most neurons in a portion of the hindbrain and an
pparent absence of a subset of reticulospinal neurons. Finally,
olgate mutants entirely lack pectoral fins. Consistent with this
bservation, we have found that the pectoral fin primordium,
efined by statement of shh, bmp-2, and dlx2, is completely absent
n mutant embryos. We are currently undertaking a more detailed
haracterization of colgate mutants that will more fully elucidate
ts role in these developmental processes.
08. Abstract #208 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
09. Primary Neuronal Differentiation and Orientated Cell Divi-
sion in Xenopus. A. D. Chalmers, B. Strauss, and N. Papal-
opulu. Wellcome/CRC Institute and Department of Anat-
omy, Cambridge, CB2 1QR, United Kingdom.
In Xenopus, the ectoderm of the neural plate has two layers, a
eep (sensorial) layer and a superficial layer. Interestingly, primary
eurons (early differentiating neurons) originate entirely from the
eep layer of the ectoderm while precursors of secondary neurons
later differentiating neurons) originate from both layers. This work
nvestigates the difference in primary neuronal differentiation
hown by the two layers. We show that when the superficial layer
s exposed to factors that readily promote neuronal differentiation
n the deep layer, it does not undergo neuronal differentiation. This
emonstrates that the superficial layer has a low competence for
rimary neuronal differentiation. Isolation experiments demon-
trate that this difference in competence between the two layers is
n intrinsic feature of the two layers at the start of gastrulation.
inally we show that the two layers are generated by a series of cell
ivisions that are orientated parallel to the surface of the embryo.
herefore, orientated cell divisions generate the two layers of the
ctoderm which have an intrinsic difference in their competence
or primary neuronal differentiation. We propose that this differ-
nce in competence guides the response of the two layers to
nducing signals and as a result, only the deep layer undergoes
rimary neuronal differentiation.
10. Abstract #210 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
11. A Role for Dlx3 in Neural Plate Border Formation. J. M. Woda,
J. Pastagia, K. B. Artinger, and M. Mercola. Department of
Cell Biology, Harvard Medical School, Boston, Massachusetts
02115.
The border of the neural plate marks the division between the
eural ectoderm and presumptive epidermis and is the site of
eural crest formation. The molecular mechanisms required for
ormation of a sharp border between the neural and nonneural
ctoderm are not well understood. Recent genetic studies from our
ab and others implicates the homeodomain transcription factor
s of reproduction in any form reserved.
t217SDB Meeting AbstractsDlx3 in neural nonneural ectoderm border formation. A member of
the highly conserved distal-less family, Dlx3 is expressed in the
ventral ectoderm in Xenopus laevis at the onset of gastrulation and
throughout the nonneural ectoderm during neurulation. To deter-
mine the function of Dlx3, we constructed activating and repress-
ing versions by fusing the homeodomain to the VP16 transcrip-
tional activation domain or the engrailed repressor domain.
Expression of activated Dlx3 caused a loss of neural plate and
neural plate border markers. Conversely, expression of the inhibi-
tory Dlx3 caused the expansion of the neural plate and, impor-
tantly, an outward shift of the neural plate border. Strikingly, the
correct pattern of lateral neurons, neural crest, and placodal cells
was recapitulated at the new border. We conclude that the forma-
tion of the neural plate border, including neural crest, may require
the juxtaposition of Dlx3-negative neural plate and Dlx3 positive
nonneural ectoderm. Specifically, Dlx3 appears to function by
preventing expansion of the neural plate into nonneural ectoderm.
212. Xrx1 Controls Neuronal Differentiation in the Anterior Neu-
ral Plate. M. Andreazzoli, G. Gestri, and G. Barsacchi. Labo-
ratorio di Biologia Cellulare e dello Sviluppo, Universita’ di
Pisa, Pisa, Italy.
Xrx1 is a Xenopus homeobox gene involved in eye and anterior
brain development. Its earliest expression site is the anterior neural
plate, a region characterized by a prolonged proliferative period and
undergoing neurogenesis with a remarkable delay. Since Xrx1
overexpression has proliferative effects on the anterior neural tube,
retina, and pigmented epithelium, we decided to investigate the
role of Xrx1 in controlling anterior neural plate differentiation.
Xrx1 expression overlaps with that of Notch and it is complemen-
tary to the expression domains of Delta, neurogenin, and p27, a cell
cycle inhibitor. Overexpression experiments have shown that Xrx1
represses Delta, neurogenin, and p27 expression while it activates
zic2, an antineurogenic factor. On the other hand, factors promot-
ing neuronal differentiation, like retinoic acid and neurogenin,
downregulate Xrx1 expression. Interestingly, Xrx1 is also able to
counteract the effects of retinoic acid in an animal cap assay. These
data indicate that Xrx1 expression and neuronal differentiation are
mutually exclusive events and suggest for Xrx1 a role in delaying
anterior neural plate differentiation.
213. Notch-Mediated Fate Specification in the Zebrafish Neural
Tube. H. Park, A. Mehta, J. Richardson, and B. Appel. Vander-
bilt University, Nashville Tennessee 37235.
We hypothesize that Delta–Notch signaling between ventral
neural precursor cells specifies them for oligodendrocyte or motor
neuron fates. To test this, we investigated regulation and function
of a putative oligodendrocyte marker, olg2, in zebrafish. olg2
encodes a bHLH transcription factor similar to Neurogenin (Ngn)-
class proneural proteins. Prospective ventral neural tube cells
transcribe olg2 uniformly by midgastrulation stage, before they
express ngn1. At 24 h postfertilization, a discrete group of ventral
neural cells express olg2; later, individual cells throughout the
dorsoventral neural tube axis express olg2, a pattern consistent
with the origin and movement of oligodendrocytes. Proliferative
cells express olg2 and fate mapping revealed that cells that arise
from olg2-expressing cells include motor neurons. Mutant analysis
showed that olg2 expression requires Hedgehog signaling. Addi-
ionally, deltaA (dlA) mutant embryos initiate but do not maintain
olg2 expression and conditional, ectopic expression of constitu-
tively active Notch promotes ectopic olg2 expression indepen-
Copyright © 2001 by Academic Press. All rightdently of Hedgehog. By contrast, excess cells in dlA mutant
embryos express ngn1, indicating that Notch activity inhibits ngn1
expression. Surprisingly, olg2 overexpression promotes formation
of excess primary motor neurons whereas olg2 antisense morpho-
lino oligonucleotides inhibit primary motor neuron development.
We propose that olg2 expression, induced by Hedgehog, specifies a
common pool of oligodendrocyte and motor neuron precursors and
that Notch signaling promotes oligodendrocyte fate by inhibiting
ngn1 and maintaining olg2 expression in a subset of precursors.
214. wimple, a Mouse Mutation That Plays a Role in Shh-
Dependent Neural Tube Patterning. Danwei Huangfu and
Kathryn V. Anderson. Sloan-Kettering Institute and Cornell
University, New York, New York 10021.
wim is a mutation identified in an ENU mutagenesis screen for
recessive lethal mutations that prevent normal mouse develop-
ment. wim embryos die at about e10.5, with an open neural tube in
the head and a frequent reversal of heart looping. Failure of neural
tube closure is associated with partial dorsalization of the neural
tube. wim mutants lack a floor plate, which probably causes the
abnormal left–right patterning that leads to heart-looping reversal.
In the wim neural tube, ventral markers fail to be expressed and
lateral markers expand ventrally. Sonic Hedgehog (Shh) is ex-
pressed normally in the notochord of e9.5 wim mutants, but is
downregulated at e10.5. Since the neural tube dorsalization is
already obvious at e9.5, the decreased Shh level at e10.5 cannot
account for the wim phenotype. In contrast, Patched, a readout of
Shh signaling, fails to be expressed in the limb bud and gut, where
Shh is expressed, as well as the caudal neural tube. This indicates
wim embryos are unable to respond to Shh correctly and suggests
that the dorsalized neural tube is a consequence of the lack of
responsiveness of the ventral cells to Shh. The involvement of wim
in the Shh-dependent neural tube patterning prompted us to
examine the phenotypes of double mutants of wim and other
mutants in the Shh pathway. wim and open brain (opb) double
mutant neural tubes are dorsalized as in wim, rather than ventral-
ized as in opb, arguing that wim acts downstream or in parallel to
opb. wim maps to chromosome 5, where no other components of
the Shh pathway map. Further studies are under way to reveal the
identity and function of the gene affected by the wim mutation.
215. Neurogenin1 Functions as a Switch between Neuronal and
Nonneuronal Fates in Zebrafish Lateral Neural Plate. Robert
A. Cornell and Judith S. Eisen. Institute of Neuroscience,
University of Oregon, Eugene, Oregon 97403.
We are interested in genetic regulation of cell fate choice in the
vertebrate nervous system. We have evidence that a domain of
precursor cells in the zebrafish lateral neural plate gives rise to both
Rohon–Beard sensory neurons and neural crest. neurogenin1 is the
zebrafish homologue of Neurogenin1, required in mouse for forma-
tion of sensory neurons. We show that zebrafish embryos with
reduced neurogenin1 function lack many types of sensory neurons,
including Rohon–Beard neurons. In embryos with reduced Delta
signaling, there are supernumerary Rohon–Beard neurons and a
virtual absence of premigratory neural crest cells. However, when
neurogenin1 function is reduced in zebrafish embryos that also
have reduced Delta signaling, trunk neural crest is restored. These
data imply (A) that Neurogenin1 directs lateral neural plate pre-
cursor cells toward the Rohon–Beard neuron fate and away from
the neural crest fate and (B) that the role of Delta signaling in trunk
neural crest formation is to down-regulate Neurogenin1 in re-
s of reproduction in any form reserved.
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218 Developmental Biology Volume 235, 2001sponding cells, rather than to instruct the neural crest fate. (Sup-
ported by NIH NS10119 and HD22486.)
216. G Protein Signaling in the Developing Zebrafish Central
Nervous System. G. M. Kelly, B. Vanderbeld, and M. Knowl-
ton. Department of Zoology, University of Western Ontario,
London, Ontario Canada.
G proteins transduce signals from agonist-bound G-protein-coupled
eceptors to various intracellular effector molecules and ion channels.
he trimeric G protein complex consists of two signaling moieties,
he GTP-bound a subunit and a bg heterodimer. We have isolated
cDNAs encoding zebrafish G protein b and g subunits. BLAST search
analysis reveals that the zebrafish b subunit is 97% identical to the
human b1 protein and the g subunit is 93% identical to mammalian
g3. Transcripts encoding the b1 subunit are found throughout the
embryo but no specific localization is evident during embryogenesis.
The g3 gene is expressed at late somitogenesis and transcripts are
detected in discrete regions of the brain, spinal cord, and trigeminal
ganglia. In vitro binding assays demonstrate that zebrafish g3 dimer-
izes with mammalian b1 or b2 subunits. Zebrafish embryos injected
with mRNAs encoding zebrafish g3 and human b2 or bovine b1
subunits exhibit dorsoanterior defects consistent with altered
mitogen-activated protein kinase and/or cAMP-dependent protein
kinase A signaling. These defects, however, arise before the g3 gene is
transcribed. Thus, they are the likely result of one or more down-
stream effectors being activated (or inhibited) aberrantly in cells
expressing these particular bg complexes. An antisense approach was
sed to address how g3 signals in the developing CNS. Blocking
translation of the g3 protein using a morpholino oligomer caused
ronounced tissue degradation in the brain. Acridine orange staining
hows a significant number of apoptotic cells in areas where g3 is
normally expressed. Interestingly, apoptosis is also prevalent in neigh-
boring non-g3-expressing cells. We propose that signaling events,
involving g3 together with a b subunit, protect subsets of cranial and
pinal neurons from becoming apoptotic during embryogenesis.
17. Abstract #217 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
18. Effects of Temperature on the Gene Expression of Aromatase
and Estrogen Receptors in the Developing Tilapia Brain.
Ching-Lin Tsai. Department of Marine Rsources, National
Sun Yat-sen University, Kaohsiung, 80424 Taiwan, Republic
of China.
Temperature has an effect on the development of cental neuro-
ransmitter systems. The central neurotransmitters function as a
eural differentiation and apoptosis signal in the developing brain.
romatase and estrogen receptors (ER) represents an important
omponent of mechanism on CNS sexual differetiation. In the
resent study, the RT-PCR method was used to investigate the
ffects of temperature on the gene expression of aromatase and ER
n the developing tilapia brain. Before day 10 posthatching, expo-
ure to a higher temperature (32°C) resulted in a significant
ncrease in the gene expression of aromatase and ER1, conversely,
lower temperature (20°C) resulted in a decrease. ER2 was not
nfluenced during this period. Between days 10 and 20 posthatch-
ng, exposure to 32°C had no effect on aromatase and ER1 but
ignificantly increased ER2 expression, while none of them was
nfluenced by 20°C. Between days 20 and 30 posthatching, expo- w
Copyright © 2001 by Academic Press. All righture to 32°C significantly increased the aromatase expression,
onversely 20°C resulted in a decrease. During this period neither
R1 nor ER2 was affected by temperature. These results indicate
hat temperature influences the aromatase and ER expression
uring a restricted developing period.
19. Regulation of Extracellular-Matrix-Mediated Contact Inhibi-
tion of Growth in the Developing Nervous System. L. S.
Sherman, H. Morrison, F. Banine, J. Struve, G. Lepperdinger,*
T. Tuohy, and C. Kuntz. Vontz Center for Molecular Studies,
University of Cincinnati College of Medicine, 3125 Eden
Avenue, Cincinnati, Ohio 45267-0521; and *Austrian Acad-
emy of Sciences, Institute of Molecular Biology, Billroth-
strasse 11, A-5020, Salzburg, Austria.
Cells in developing tissues must proliferate in a highly regulated
anner to form structures with specific sizes and shapes. This is
chieved through cell–cell and cell–matrix interactions that signal
ell quiescence though contact inhibition of growth. We found that
igh-molecular-weight hyaluronate (hmwHA) signals matrix-
ediated contact inhibition of growth in both neural crest cells and
n CNS glial cell progenitors. This signaling occurs through the
D44 transmembrane glycoprotein. In the presence of low-
olecular-weight HA (lmwHA), CD44 signals cell proliferation
hrough activation of erbB receptors by facilitating erbB receptor
eterodimerization. Activation of erbB receptors leads to phosphor-
lation and inactivation of the NF2 tumor suppressor gene product,
erlin. In the presence of hmwHA, erbB receptor activity is
iminished, and merlin is dephosphorylated and activated, result-
ng in contact inhibition of growth. Transfection of contact-
nhibited cells with a GPI-anchored hyaluronidase converts native
mwHA into lmwHA, relieving growth arrest and signaling cell
roliferation. Thus, the HA-based matrix can signal both inhibition
nd stimulation of proliferation, depending on the size of the HA
urrounding cells. These data have significant implications for
nderstanding cell growth regulation during development and in
isease.
20. Zfhep Transcription Factor May Influence Neural Cell Differ-
entiation. D. S. Darling, G. Yen, R. T. Zoeller, and R. P.
Stearman. University of Louisville, Louisville, Kentucky
40292; and University of Massachusetts, Amherst, Massachu-
setts 01003.
The rat Zfhep gene encodes a member of the Zfh family of
ranscription factors having a homeodomain-like sequence and
ultiple zinc fingers. We tested the hypothesis that Zfhep can be
nvolved in neurogenesis. We examined expression of Zfhep in the
at forebrain during embryonic development. In situ hybridization
tudies found that Zfhep mRNA was strongly expressed in the
rogenitor cells of the ventricular zone around the lateral ventricles
n E14 and E16, but showed little expression in cells that had
igrated to form the developing cortex. Expression of Zfhep in the
entricular zone decreased during late development as the popula-
ion of progenitor cells decreased. This pattern was distinctly
ifferent from other members of the Zfh family. We also examined
he expression of Zfhep protein during retinoic-acid-induced neu-
ogenesis of P19 embryonal carcinoma cells by Western analysis.
fhep is highly expressed in P19 neuroblasts, and expression
ecreases by the time of morphological neurogenesis. Hence, both
19 cells and embryonic brain demonstrate expression of Zfhep
uring the earliest stages of commitment to neurogenesis. P19 cells
ere transfected with FuGene6 in 12-well plates. Transfection
s of reproduction in any form reserved.
219SDB Meeting Abstractsstudies in both uninduced and retinoic-acid-treated P19 cells show
that Zfhep significantly stimulates the ability of neurogenin to
activate the mouse neuroD2 gene promoter. The expression pat-
terns of Zfhep in vivo and in the P19 cell model of neurogenesis and
the ability of Zfhep to enhance neurogenin activity suggest that
Zfhep plays a role in the transition from precursor to differentiating
neural cells.
221. Cloning and Expression of Crim1 and Its Potential Function
in the Development of the Central Nervous System. G. V.
Kolle,* A. Jansen, L.Wilkinson, M. H. Little, and T. Yamada.
Institute for Molecular Bioscience and *Department of Bio-
chemistry, University of Queensland, St. Lucia, Queensland
4067, Australia.
We have previously isolated human/mouse CRIM/Crim1, which
encodes a putative transmembrane protein, containing multiple
repeats of a cysteine-rich domain found in the extracellular TGF-
b-regulating proteins chordin, short gastrulation, and
crossveinless-2. Expression of Crim1 in the mouse developing
spinal cord suggests a role in cell patterning. To further analyse the
function of Crim1 we endeavor to utilize the chicken model
system. We report here the isolation of the full-length cDNA
sequence of chicken Crim1 and its expression analyzed by RNA in
situ hybridization within the developing chick spinal cord.
Chicken Crim1 is very similar to human/mouse Crim1, containing
an identical domain structure and 81% homology at the DNA
level. Expression of Crim1 initiates at embryonic day (E) 2.5 with
expression in the notochord and the floor plate of the developing
hindbrain and spinal cord and at later stages in the developing
motor neurons and roof plate. To determine the possible function
of CRIM1 in neural development, we have overexpressed human
CRIM1 in the developing chicken spinal cord. Expression by in ovo
electroporation of a truncated form of CRIM1 results in a decrease
in the number of EN-1-positive ventral interneurons and ISl-1-
positive motor neurons. These results suggest a role for Crim1 in
neural tube patterning in vertebrates.
222. Bone Morphogenetic Protein (BMP) Control of Wnt Ligands,
Secreted Inhibitors, and Receptors during Neural Develop-
ment. C. R. Chesnutt, A. M. C. Brown, and L. A. Niswander.
Weill Graduate School of Medical Sciences of Cornell Uni-
versity, Sloan Kettering Institute, New York, New York
10021.
BMPs have been shown in our lab and others to regulate
patterning along the dorsoventral (DV) axis of the developing
neural tube. Wnt genes, their receptors, and secreted inhibitors
display discrete and overlapping domains of expression along this
DV axis. To determine the effect of BMP signaling on Wnt pathway
components we altered BMP signaling. Misexpression of a consti-
tutively activated BMP receptor, which causes dorsalization of the
neural tube, expanded dorsal Wnts ventrally and reduced ventrally
restricted Wnts to a smaller ventral domain. Conversely, misex-
pression of noggin, a secreted BMP inhibitor, diminishes dorsal
Wnts while expanding the dorsal border of normally ventrally
localized Wnts. Thus, BMPs appear to positively regulate dorsally
restricted Wnt members while negatively regulating the dorsal
border of ventral members. We are currently exploring the poten-
tial role these Wnt genes may have in dorsoventral patterning of
the neural tube. These studies include misexpression of a secreted
inhibitor of Wnt ligands and further downstream components, as
well as inhibitors of both the BMP and Wnt pathways.
Copyright © 2001 by Academic Press. All right223. BMP Signaling in the Mammalian Dorsal Neural Tube. R. W.
Stottmann, J. Wiedman, Y. Mishina,* and J. A. Klingensmith.
Department of Cell Biology, Duke University Medical Cen-
ter, Durham, North Carolina 27710; and *Laboratory of
Reproductive and Developmental Toxicology, NIEHS, RTP,
North Carolina.
Congenital malformations involving the neural tube are among
the most common birth defects worldwide. The mouse has become
an excellent system in which to study these malformations due to
the similarities to human development and to the genetics avail-
able in the mouse. Bone morphogenetic proteins (BMPs) have been
implicated in many different aspects of the normal neurulation
process, including neural plate formation, dorsal–ventral pattern-
ing, and neural crest specification. The precise roles of the BMPs
remain unclear due to early lethality of null mutations and
redundancy. We are using a genetic approach in the mouse to study
the effects of both increased and decreased BMP signaling in mouse
neurulation. The BMP antagonist noggin is expressed in the dorsal
neural tube and a null mutation results in a neural tube defect
closely resembling human defects. We are studying the morpho-
logical development of the noggin neural tube and the molecular
mechanisms underlying the malformation. Some mouse mutants
with neural tube defects (e.g., Pax3) are rescued by midgestational
maternal consumption of folate. Because our folate injection series
have not rescued the noggin phenotype, we expect that the noggin
defect is mechanistically distinct from those in these mutants. We
also find that several neural-crest-derived structures are defective
and are addressing this as well as possible deficits in neuronal
patterning. To address the effects of loss of BMP function in the
neural tube, we have employed the Cre-Lox tissue-specific recom-
bination system to inhibit BMP signal transduction in the dorsal
neural tube. Preliminary evidence suggests that deletion of this
specific domain of BMP signaling results in severe neurulation
defects. We are pursuing the molecular mechanisms of these
defects and associated phenotypes.
224. Sequential Regulation of Left/Right Identity in the Zebrafish
Diencephalon. J. Gamse,* J. O. Liang,* B. Thisse,† C. Thisse,†
and M. E. Halpern.* *Department of Embryology, Carnegie
Institution of Washington, Baltimore, Maryland 21210; and
†Institut de Genetique et de Biologie Moleculaire et Cellu-
laire, CNRS/INSERM/ULP, Strasbourg, France.
The left/right (L/R) axis is established in the early vertebrate
embryo, in part mediated through left-sided nodal expression in the
lateral plate mesoderm which influences asymmetric positioning
and morphology of the visceral organs. In zebrafish, genes in the
Nodal signaling pathway are also expressed transiently in the left
forebrain. Perturbation of this asymmetric expression affects the
L/R positioning of two dorsal diencephalic outgrowths, the pineal
and parapineal organs. The parapineal normally develops to the left
of the pineal organ but in mutants that alter Nodal signaling, or fail
to preserve an intact midline, the parapineal is found with equal
frequency on the right. Development of the parapineal organ is
correlated with and precedes expression of a novel marker of the
left habenular nucleus. Infrequently, both the L and the R habenu-
lae show strong expression of this gene and, in these brains,
bilateral parapineal organs are present on either side of the pineal.
Ablation experiments are being performed to test directly the role
of the parapineal in regulating the asymmetric gene expression of
the dorsal habenulae. However, the data suggest that, rather than
s of reproduction in any form reserved.
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220 Developmental Biology Volume 235, 2001global determination of L/R differences in the brain, one region in
the diencephalon can influence the L/R identity of another.
225. Abstract #225 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
226. Retinoic Acid Synthesis for the Developing Telencephalon.
U. C. Drager, D. Smith, E. Wagner, O. Koul, and P. McCaffery.
E. Kennedy Shriver Center, Harvard Medical School, and
University of Massachusetts Medical School, Waltham, Mas-
sachusetts 02452.
Retinoic acid (RA) is known as teratogen for the brain, but very
ittle information exists about the natural role of endogenously
ynthesized RA in forebrain development. Overall RA levels in the
rain are very low, and RA-synthesizing retinaldehyde dehydroge-
ases (RALDHs) are restricted to a few sites. The earliest RA
ources for the developing telencephalon are RALDH2, located at
he anterior neural ridge, and RALDH3, expressed in the placode-
orming surface ectoderm of the face. RA synthesis within the
elencephalon begins at E11 in the mouse, when RALDH3 appears
n its rostrolateral wall. During the first part of neurogenesis,
ALDH3 is expressed at high levels in the lateral ganglionic
minence, a structure that protrudes into the ventricular lumen.
A diffusing from here is likely to be dispersed via the central fluid
nd to act on mitotic precursors throughout the forebrain. When
he telencephalon is enlarging, RALDH2 is very slowly activated in
he meninges covering it. Whereas RALDH3 expression in the
nner telencephalon disappears in the later embryo, meningeal
ALDH2 levels reach a maximum in the first postnatal week,
uring the period of highest neurite elaboration, and then decline to
ower adult levels. The changing RALDH expression patterns are
ikely to set up radial RA diffusion gradients across the developing
erebral wall, which reverse from early inside-out and to later
utside-in patterns. RA diffusing from the RALDH sites across the
A-poor brain tissue provides a mechanism for the coordination of
rowth processes over an intermediate-distance range. (Supported
y R01-EY01938.)
27. Isolation of a Novel Paired-like Homeobox Gene Expressed in
the Midbrain of Mouse Embryos. Akihira Ohtoshi and Rich-
ard R. Behringer. Department of Molecular Genetics, The
University of Texas M. D. Anderson Cancer Center, 1515
Holcombe Boulevard, Houston, Texas 77030.
Homeobox proteins are evolutionary conserved nuclear tran-
cription factors that regulate cell proliferation and differentiation.
heir region-specific expression is important for developmental
attern formation and organogenesis. We have searched the data-
ases and identified a novel mouse homeodomain sequence that is
lso conserved in human and zebrafish. The homeodomain se-
uence is most likely a member of the paired-class homeodomain
ubfamily. In mouse and human, this gene is encoded by at least 3
xons with the homeobox split between coding exons 2 and 3. The
uman sequence is located on chromosome 1p34, predicting that
he mouse sequence should be located on chromosome 4. RT-PCR
nalysis of mouse embryos at 7.5 and 9.5 dpc confirmed that this
ovel homeobox gene was expressed during embryogenesis. Whole-
ount in situ hybridization of 7.5 dpc mouse embryos revealed
hat expression was initially detected in the anterior head folds. At
.5 dpc, expression was restricted to the mesencephalon. At 9.5 and S
Copyright © 2001 by Academic Press. All right10.5 dpc, transcripts were predominantly detected in the midbrain
region. To our knowledge, this is the first identified homeobox
gene that is expressed predominantly in the midbrain region. This
gene provides a useful molecular marker of the vertebrate midbrain
and serves as a molecular entry point for defining the mechanisms
that regulate the regionalization of the vertebrate head.
228. A Novel Function for EphB2 and EphB3 in Maintaining Cell
Shape in the Developing Ventral Midbrain. A. Altick, G.
Andrews, C. Cowan, N. Yokoyama, M. Henkemeyer, E.
Nilsson, and G. Mastick. University of Nevada, Reno, Ne-
vada.
The Eph/ephrin family of receptor tyrosine kinases has been
implicated in many neural developmental processes including
pattern formation, boundary determination, and axon targeting.
This study suggests a new function for the Eph/ephrin family based
on the finding that the EphB2/EphB3 knock-out mouse has signifi-
cant midbrain morphological defects by embryonic day 10.5. In
whole embryos, an expansion of the ventral midbrain caused a
misshapen cephalic flexure. In transverse sections of the neural
tube the gross midbrain expansion defect was seen as a thinning
and lateral expansion of the ventral midbrain midline. To under-
stand the cause of the morphological defect, several molecular
markers were used to determine ventral–dorsal patterning and cell
identity in the ventral midbrain midline. These marker patterns
were the same in both wild-type and EphB2/EphB3 knock-out
embryos. Additionally the number of cells and the area of the
ventral midbrain midline were not significantly different between
the wild-type and the knock-out embryos. Because neither the
number of cells nor the area that the cells occupy are significantly
different between wild-type and knock-out embryos, the cell shape
must have changed to cause the thinning and expansion of the
ventral midbrain midline as observed in the knock-out embryos.
Therefore, this study suggests a novel function for EphB2 and
EphB3 in the developing ventral midbrain: that of maintaining cell
shape.
229. Relevance of TGF-b for the Development of Ventral Midbrain
Dopaminergic Neurons. U. Rauch, L. Farkas, and K. Kriegl-
stein. Department of Anatomy and Cell Biology, University of
Saarland, Homburg/Saar, 66421, Germany.
Dopaminergic (DA) neurons developing in the ventral midbrain
re necessary for voluntary movements, behavior, and cognition.
unctional alterations of DAergic systems and DA receptors as
ell as decreases in cell number lead to severe disorders like
chizophrenia and Parkinson’s disease. In vivo, the development of
DA neurons in the ventral midbrain has been shown to be induced
by sonic hedgehog (SHH) arising from the floorplate and FGF-8
arising from the midbrain–hindbrain barrier, respectively. How-
ever, TGF-b is also expressed in two structures known to influence
the development of DA neurons: the notochord and the floorplate.
Using in vitro and in vivo methods we are analyzing the role of
GF-b for the development of ventral midbrain DAergic neurons.
n vitro, we are using CNS stem cells derived from the ventral
idbrain cultured first as neurospheres and followed by growth-
actor-mediated differentiation protocols. In vivo, we are using the
developing chick embryo in ovo, which is easily accessible for
growth factor treatments as well. Data available suggest that
TGF-b is required for the induction of the DAergic phenotype in
vitro and in vivo, whereby TGF-b seems to act in cooperation with
HH.
s of reproduction in any form reserved.
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221SDB Meeting Abstracts230. Shh and the Isthmus Regulate the Development of Early
Neurons in the Midbrain. N. Fedtsova* and E. E. Turner.*,†
*Department of Psychiatry, UCSD, La Jolla, California 92093;
and †VA Medical Center, San Diego, California 92122.
The midbrain tectum and tegmentum develop from the dorsal
and ventral neuroepithelium of the mesencephalic vesicle under
the influence of inducing factors emanating from adjacent tissues.
The tectum forms a laminar structure, while the tegmentum
generates functionally diverse nuclei along the neural axis. To
analyze the appearance of different subsets of neurons in the
chicken midbrain we have used several markers, mostly transcrip-
tion factors, including Brn3.0, Pax7, Pax3, Lim1/2, Islet1/2, En-
grailed, and Otx2. Among the first terminally differentiated tectal
neurons we have found a layer of Brn3.0-positive cells and Brn3.0/
Islet1/2 double-positive neurons that represent the precursors of
the nucleus MesV. Postmitotic neurons expressing Pax3, Pax7, and
Lim1/2 appear later in tectal development and represent cell
populations distinct from the Brn3.0-positive neurons. The differ-
entiation of tegmentum begins from the posterior part with the
appearance of Islet1/2-positive motoneurons near the isthmus.
Brn3.0-positive neurons appear several hours later in more rostral
nuclei. Ectopic notochord tissue implanted dorsally inhibits the
normal laminar expression of Brn3.0, Pax7, Pax3, and Lim1/2 in the
tectum and induces the differentiation of multiple tegmental cell
types from the tectal neuroepithelium, and exposure to recombi-
nant Shh is sufficient to reproduce the effect. The identity of
ectopic tegmental neurons depends on their distance from the
midbrain–hindbrain junction, and transplantation of isthmus tis-
sue to the rostral tegmentum changes the developing tegmental
neurons from a Brn3.0 to an Islet-expressing fate.
231. Abstract #231 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
232. Formation of the Mesencephalic/Metencephalic Boundary.
M. Zervas, S. Millet, and A. Joyner. HHMI Skirball Institute,
NYU Medical Center.
Compartmentalization of the brain into distinct morpholigical
and lineage-restricted domains represents an intriguing mechanism
of basic embryonic patterning. The junction of the mesencephalon
(midbrain) and metencephalon (anterior hindbrain), referred to as
mes/met, is defined by the posterior expression limit of Wnt1/Otx2
and the anterior limit of Fgf/Gbx2. An important question in
development is whether this boundary functions to prevent mes/
met cells from mixing. To address this question in vivo, we are
using transgenic mice (Wnt1-CreER) that express an inducible Cre
recombinase under the control of a Wnt1 enhancer and the floxed
Rosa reporter allele. This method allows us to permanently mark
the location of cells in the mes-expressing Wnt1 during a specific
24-h period. Short-term labeling experiments demonstrate that
cells expressing Wnt1 in the mes between E9–10 form a sharp
posterior border on the mesencphalic side of the isthmus, with the
exception of a dorsal stream of cells that cross into the hindbrain.
Cells that express Wnt1 between E10 and E11 become progres-
sively restricted to the mesencephalic isthmus constriction with a
second domain observed in the roofplate. By E12 Wnt1-expressing
cells are tightly restricted to the to the isthmus constriction in the
mes, as well as the dorsal midline. In preliminary longer-term
experiments, Wnt1-CreER-expressing cells labeled at early stages
and analyzed 2–3 days later were not observed to any large extent
Copyright © 2001 by Academic Press. All rightin the hindbrain, with the exception of the dorsal stream. Double
labeling for LacZ and Otx2 or Gbx2 expression will be used to
resolve whether a lineage restriction exists at the mes/met bound-
ary at any developmental stage in the mouse.
233. Withdrawn.
234. Type I BMP Receptors Are Expressed in Cerebellar Granular
Neurons and Constitutive Activation of the IA Receptor
Induces Cerebellar Abnormalities. J. E. Ming, M. Elkan, K.
Tang, and J. A. Golden. The Children’s Hospital of Philadel-
phia and the University of Pennsylvania School of Medicine,
Philadelphia, Pennsylvania 19104.
Cerebellar granular neurons are the most abundant neuronal
type in the central nervous system. Recent studies have begun
elucidating the molecular and cellular mechanisms governing the
development of these neurons. The secreted molecule Sonic Hedge-
hog appears to regulate the proliferation of granular neurons,
whereas bone morphogenetic protein (BMP) signaling is sufficient
for granular neuron induction and differentiation. Given the role of
BMPs in granular cell differentiation, we postulated that BMP
receptors (BMPRs) would be expressed on the cerebellar granular
neurons and that signaling through these receptors is required for
normal differentiation. We examined the expression of BMPRIA
and BMPRIB in the developing cerebellum and found that both are
expressed on granular neuron precursors and mature granular
neurons. To investigate the role of these receptors in cerebellar
development, we introduced a constitutively active BMPRIA con-
struct into the developing cerebellum. The resulting cerebelli
showed a simplified folial pattern and ectopic collections of small
cells located deep in the cerebellar white matter. The ectopic cells
have the phenotype of granular neurons. These results indicate that
BMPRs are expressed on and function in the normal development
of the cerebellar granular neurons. Furthermore, the similarity of
the cerebellar anomalies arising from perturbed BMPR signaling to
human cerebellar malformations suggests that dysregulated BMP
signaling may play a role in causing these abnormalities.
235. Hedgehog Signaling Is Required for Zebrafish Motoneuron
Development. K. E. Lewis and J. S. Eisen. Institute of Neuro-
science, University of Oregon, Eugene, Oregon 97403.
Sonic hedgehog (shh) is crucial for motoneuron development in
chick and mouse. However, embryos homozygous for a zebrafish
syu mutation, which deletes the shh locus, have normal numbers
of motoneurons, raising the possibility that zebrafish motoneurons
may be specified differently. Unlike other vertebrates, zebrafish
express two additional hh genes, echidna hedgehog (ehh) and
iggywinkle hedgehog (twhh), in the embryonic midline; therefore,
t is possible that ehh and/or twhh are sufficient to induce
motoneurons in syu mutants. To test this hypothesis we essen-
tially eliminated all Hh signaling using mutations and/or morpho-
linos (a new antisense knockout technique). Our results reveal that
almost all zebrafish motoneurons are absent when there is little or
no Hh signaling and suggest that twhh and shh are more important
for motoneuron development than ehh. However, in many cases a
very small number of cells expressing motoneuron markers still
form in the ventral neural tube in the near absence of Hh signaling
suggesting that under some conditions motoneuron identity can be
triggered independently of Hh signaling. Our analysis reconciles
the discrepancy between zebrafish and other vertebrates: any of the
s of reproduction in any form reserved.
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222 Developmental Biology Volume 235, 2001three midline zebrafish hh genes is dispensable for motoneuron
development because the other two hh genes can compensate for
ts loss. In agreement with chick and mouse, Hh signals are
equired for zebrafish motoneuron development.
36. Function of Zebrafish gli1 and gli2 in Motor Neuron Devel-
opment. A. Chandrasekhar. University of Missouri, Colum-
bia, Missouri.
Secreted proteins of the sonic hedgehog (Shh) family are essential
or vertebrate motor neuron induction. However, little is known
bout the mechanisms by which Shh signaling pathway compo-
ents, including the Gli transcription factors, specify cranial and
pinal motor neurons (CMNs and SMNs, respectively) along the
nterior–posterior axis of the neural tube. We are studying the roles
f gli1 and gli2 in the development of CMNs in zebrafish. Muta-
tions in the zebrafish detour gene lead to the complete loss of
CMNs but not SMNs. Development of other neurons and the
induction of other Shh-mediated events occur normally in the
mutant hindbrain, suggesting that detour is specifically required
for Shh-mediated induction of CMNs. Consistent with this model,
detour function is required cell autonomously for inducing motor
neurons and the detour gene product acts in the Shh signaling
pathway. It was shown recently that detour encodes Gli1, demon-
strating that the selective loss of CMNs in detour mutants results
from loss of gli1 function. Given the loss of CMNs but not SMNs
in gli1 mutants, it is possible that gli1 and gli2 have separate and
common functions in CMN and SMN induction. We are addressing
this issue by analyzing motor neuron development in you-too
mutants, which are defective in gli2. Our preliminary analysis
indicates that gli2 function may also be necessary for inducing
subsets of CMNs. We are also examining the expression of gli1 and
gli2 in CMN precursors in wild-type, detour and you-too mutants.
These experiments will help clarify the roles of specific Gli
proteins in inducing subsets of motor neurons in the vertebrate
embryo.
237. Hoxb1 Coordinates Specification of Ventral Motoneurons and
Dorsal Interneurons at a Specific Anteroposterior Level. G. O.
Gaufo and M. R. Capecchi. Howard Hughes Medical Institute,
Department of Human Genetics, University of Utah, Salt
Lake City, Utah 84112-5331.
The vertebrate hindbrain coordinates multiple complex func-
tions, including somatic and visceral motor activities and the
processing of sensory information. The motoneurons and relay
sensory interneurons mediating these functions form contiguous
columns generated at distinct positions along the anteroposterior
(AP) and dorsoventral (DV) axes. The fate of progenitors giving rise
to these neurons is determined by the activities of morphogens
such as Shh and BMPs along the entire neural axis. Within the
neural tube, these inductive signals initiate a cascade of ventral-
and dorsal-specific molecules, respectively, that specify various
classes of motoneurons and interneurons. However, the mecha-
nisms by which these inductive and subsequent regulatory mol-
ecules are coordinated to give rise to neurons with distinct identi-
ties along the AP axis are just beginning to be understood. The
expression of Hoxb1 along the entire DV segment of rhombomere
4 (r4) provides a model by which a single molecule may coordinate
these activities. In ventral r4, a Hoxb1-dependent regulatory cas-
cade, involving Hnf3b, Nkx2.2, Phox2b, and Isl1, is required to
specify the facial branchiomotor neurons. In the dorsal domain of
r4, Hoxb1 is necessary for the differentiation of a population of
Copyright © 2001 by Academic Press. All rightPhox2b- and Phox2a-expressing interneurons derived from Mash1-
labeled progenitor cells. The findings reported herein demonstrate
that Hoxb1 coordinates the molecules regulated by the Shh- and
BMP-signaling pathways to specify a complement of neurons
necessary for motor-sensory functions at a specific AP level.
238. Ectopic Expression of Olig1 Is Deleterious to V3 Interneuron
Development in the Developing CNS. Tao Sun, Richard Lu,*
Charles Stiles,* Yann Echelard, and David Rowitch. Depart-
ment of Pediatric Oncology and *Department of Cancer
Biology, Dana-Farber Cancer Institute and Harvard Medical
School, 44 Binney Street, Boston, Massachusetts 02115.
In the developing neural tube, precursors at defined positions
along the dorsal–ventral axis respond to Sonic hedgehog (Shh)
secreted from the notocord and floorplate and elaborate distinct
neurons identified by homeodomain protein expression. Oligoden-
drocyte lineage genes (Olig1/2) that encode a novel class of bHLH
proteins are expressed in the oligodendrocyte lineage in the CNS.
Moreover, their early expression is regulated by Shh in a dosage-
dependent manner, suggesting that Olig genes may play roles in
pattern formation and neuronal and/or glial cell fate determination.
To study possible Olig functions during development, we analyzed
endogenous Olig1/2 expression and found that Olig genes were
initially expressed in the mouse spinal cord as early as 8.5 dpc and
that expression at 11.5 dpc occurred in a restricted domain. Olig
expression overlaps Nkx2.2 expression, where V3 interneurons
(INs) are generated. We next generated transgenic mice that ectopi-
cally express Olig1 in the ventricular zone under control of the
Hoxb4 enhancer. Global disruption of pattern was not observed by
analysis of markers for neural precursors (NPs), motor neurons, and
V2 INs. In contrast, misexpression Olig1 evidently is detrimental
to production of V3 INs, as Sim1-expressing cells were absent in
these transgenic mice. Moreover, increased levels of cell death
were observed. These data suggest that Olig genes may antagonize
the development of certain neuronal subtypes and may refine
pattern formation in NPs of the ventral neural tube.
239. GATA3 Identifies a Distinct Ventral Interneuron Subtype in
the Developing Spinal Cord. A. Karunaratne,* M. Hargrave,
and T. Yamada. Institute for Molecular Bioscience and *De-
partment of Biochemistry, The University of Queensland,
Brisbane, Queensland, 4078, Australia.
GATA3, a member of the GATA transcription factor gene family
is expressed during vertebrate development and is thought to be
involved in a variety developmental processes including that of the
vertebrate central nervous system (CNS). To elucidate the function
of GATA3 in CNS development, we characterized in detail the
expression of GATA3 in the developing chick spinal cord. We
found that GATA3 is expressed in a distinct ventral interneuron
subpopulation whose expression domain completely overlaps with
that of the CHX10-positive ventral interneurons (termed ‘V29
class). However, we found no coexpression of GATA3 in the
CHX10-positive V2 ventral interneurons. This observation sug-
gests that GATA3-positive ventral interneurons represent a dis-
tinct subtype within the V2 ventral interneuron domain. By in vivo
notochord grafting and cyclopamine treatment we demonstrated
that the spatially restricted pattern of GATA3 expression in the
ventral spinal cord is regulated, at least in part, by the signaling
molecule Sonic hedgehog. We also examined the role of GATA3 in
neural-cell-type specification in the developing spinal cord by
ectopically expressing GATA3 using an in vivo electroporation
s of reproduction in any form reserved.
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223SDB Meeting Abstractstechnique. The ectopically expressed GATA3 in motor neurons
and other ventral interneuron subtypes repressed their differentia-
tion. In addition ectopically expressed GATA3 also induced ectopic
GATA2 expression. Taken together, these observations suggest a
role for GATA3 in the specification of distinct ventral interneuron
subtype in the developing spinal cord.
240. Regulation and Role of Neural bHLH Factors in Spinal Cord
Development. K. Gowan, A. W. Helms, P. Ebert, T. Hunsaker,
T. Collisson, R. Odom, and J. E. Johnson. University of Texas
Southwestern Medical Center, Dallas, Texas 75390.
The bHLH transcription factors NGN1, NGN2, MATH1, and
ASH1 have essential functions in the formation of the mamma-
ian nervous system. We have used antibodies, mutant mice, and
ransgenic mice containing specific bHLH enhancer/reporter genes
o address the regulation and function of these factors in spinal cord
evelopment. At a cellular level, we demonstrate that NGN1,
ATH1, and MASH1 define distinct progenitor cells that give rise
o specific interneurons in the dorsal neural tube. Examination of
nockout mice demonstrates the requirement of specific bHLH
actors in the formation of specific interneurons. For example,
ATH1 progenitors give rise to LH2-expressing interneurons and
n the Math1 mutant these neurons are absent. Likewise, dorsal
GN1 progenitors give rise to a subpopulation of LIM1/2;Brn3-
xpressing cells that are absent in the Ngn1 mutant. Also revealed
s a mechanism of cross-inhibitory regulation between the bHLH
actors in the dorsal neural tube. In the absence of MATH1, the
umber of cells in the dorsal neural tube expressing NGN1 and
GN2 increases, and conversely, in the absence of NGN1 and
GN2, the number of cells expressing MATH1 increases. Further-
ore, the number of LIM1/2;Brn3- or LH2-expressing neurons are
lso increased in the Math1 or ngn mutants, respectively. Together,
hese data (1) define specific progenitor populations in the dorsal
eural tube by their bHLH expression, (2) demonstrate a require-
ent for MATH1 and NGN1 in the formation of specific interneu-
ons, and (3) reveal the presence of cross-inhibitory regulation
etween bHLH factors.
41. Hoxa5-Overexpressing Mice Have Spinal Cord Defects That
Impair Sensory Performance. K. E. Krieger, I. M. Sonea, M.
Abbott, and C. K. Tuggle. Iowa State University, Ames, Iowa
50011.
Mutation of murine Hoxa5 has shown that HOXA5 controls
ung, gastrointestinal tract, and vertebrae development. Hoxa5 is
lso expressed in the spinal cord, yet no central nervous system
henotype has been described in the Hoxa5 knockout mice. To
dentify the role of HOXA5 in the developing spinal cord, we have
eveloped a line of mice (HOXA5SV2) that expresses six- to
evenfold more Hoxa5 mRNA in the brachial spinal cord.
OXA5SV2 animals show skin ulceration of the chest and fore-
imbs and display motor and sensory defects of the forelimb. These
ice cannot support their body weight in a hang test, and forelimb
trength is decreased in a weight pull test. However, Rotarod
erformance was not impaired in HOXA5SV2 mice. HOXA5SV2
ice also show a delayed response to noxious heat, localized to the
orelimb, as the hindlimb response time was normal. Interestingly,
dministration of an analgesic, Butorphanol, eliminated the hang
est defect, indicating that pain pathways may be involved. The
orphology of transgenic cervical spinal cord (but not lumbar
pinal cord) is highly aberrant; Nissl staining indicates Lamina 1
nd 2 of the dorsal horn appear to be absent or severely reduced.
Copyright © 2001 by Academic Press. All rightThe distribution of cells and axons immunoreactive for substance
P and the neurokinin-1 receptor were also dramatically altered only
in transgenic brachial spinal cord, reflecting the morphology. The
general pattern of substance P immunoreactivity in axons inner-
vating transgenic foot pads and in dorsal root ganglia appeared to be
normal. We conclude that, in this transgenic line, the development
and possibly correct specification of dorsal interneurons is dis-
rupted.
242. Sonic Hedgehog (shh) Signaling Is Required for Proper Devel-
opment of Zebrafish Dorsal Root Ganglia. J. M. Ungos and
D. W. Raible. Molecular and Cellular Biology, Department of
Biological Structure, University of Washington, Seattle,
Washington 98195-7420.
A subset of trunk neural crest cells form the metamerically
organized dorsal root ganglia (DRG) which develop adjacent to the
spinal cord. To investigate mechanisms underlying this specifica-
tion event, we are characterizing mutations affecting DRG devel-
opment in zebrafish. Disruption of shh signaling leads to interest-
ing effects on DRG; most segments lack DRG neurons but some
segments contain a large excess of neurons. These phenotypes are
not due to effects on the initial establishment of neural crest since
expression of foxd3, a premigratory neural crest marker, is normal.
However, expression of neurogenin1, an early marker for DRG
precursors, is missing in mutant embryos. To determine where shh
signaling is required for normal DRG development, we have
transplanted cells between wild-type and mutant embryos defec-
tive in the gli2 gene, which encodes a transcriptional effector of shh
signaling. Normal DRG development is restored in a mutant
background only when neurons originate from wild-type donors,
indicating that shh directly affects DRG precursors. However,
preliminary experiments suggest the excess neuron phenotype is a
non-cell-autonomous defect. Treatment of embryos during somi-
togenesis with cyclopamine, an inhibitor of shh signaling, results
in a temporal separation of the two DRG phenotypes. Taken
together, our results suggest that shh has differential effects on
distinct DRG precursors.
243. A Genetic Screen to Identify Zebrafish Enteric Nervous
System Mutants. Iain Shepherd, Tor Linbo, and David Raible.
Department of Biological Structure, University of Washing-
ton, Seattle, Washington 98195.
The enteric nervous system (ENS) is the largest and most
complicated subdivison of the peripheral nervous system and is
completely derived from the neural crest. In zebrafish the entire
ENS appears to be derived only from postotic neural crest cells. We
are undertaking a genetic screen to identify zebrafish mutants that
have defects in the development of the ENS. We have been using an
antibody that recognizes differentiated neurons to screen embryos
of ENU-mutagenized fish. To date we have identified 2 zebrafish
ENS mutants enema (enm) and lessen (lsn). Both mutants have a
significant reduction in the number of enteric neurons at 4 days
postfertilization. enm and lsn mutants also have defects in other
structures that are believed to be derived, at least in part, from the
postotic neural crest. Alcian blue staining reveals that both mu-
tants have severe defects in the gill arch cartilages. In addition,
rag-1 in situ hybridization reveals that enm mutants completely
lack a functional thymus while lsn mutants have a major reduction
in thymus size. To determine if these mutations affect the initial
specification or migration of the postotic neural crest we examined
the expression pattern of dlx-2 and crestin. Expression of both these
s of reproduction in any form reserved.
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224 Developmental Biology Volume 235, 2001markers appears unchanged in both mutants. These mutations
along with a third previously identified ENS mutant, flat top,
define a group of genes that affect cell fate specification of postotic
neural crest derivatives. We are currently mapping the enm and lsn
mutations.
244. Expression of Chick Calcium Channel g Subunit in Differen-
tiating Neurons and Myoblasts. A. Knecht, B. Kious, and M.
Bronner-Fraser. Caltech, Pasadena, California 91125.
In a screen for genes expressed in the chick neural folds, we
identified cac-g, the g4 subunit of voltage-dependent calcium
channels. cac-g expression is first detected at Hamburger–
amilton (HH) stage 8, in the anterior neural plate. At HH stages
4–15, it is expressed in many of the cranial ganglia, including the
lfactory, trigeminal, geniculate, petrosal, and nodose ganglia.
hese ganglia are derived from both neural crest and ectodermal
eurogenic placodes. To test whether cac-g marks neural crest- or
placode-derived cells within these ganglia, we used DiI and quail/
chick chimeras to label either the placodes or the neural crest; we
found that cac-g marks cells derived from both sources, and thus
this gene represents a useful general marker for cranial ganglia at
this stage. cac-g is also expressed in another neural crest derivative,
the dorsal root ganglia, beginning at HH stages 17–18; this timing,
as well as the timing of expression in the cranial ganglia, correlates
with the onset of neuronal differentiation. However, cac-g expres-
ion is not limited to neurons. By HH stage 23, cac-g is also
xpressed in dorsal and ventral stripes in the developing limb buds.
he overlapping pattern observed in double in situ hybridization
ith myoD suggests that these stripes represent differentiating
yoblasts. Expression of cac-g in both nervous and muscle tissue is
notable, since other g subunits are thought to be restricted to only
one cell type. Here, in both neurons and myoblasts, the timing of
expression suggests a general role for cac-g and, by extension for
calcium currents, in early differentiation.
245. Neuronal Cell Differentiation in the Developing Mouse Brain
Is Influenced by Peripheral Axonal Inputs from Sensory and
Motor Neurons. B. Kablar* and M. A. Rudnicki.† *Dalhousie
University, Halifax, Nova Scotia, B3H 4H7, Canada; and
†Ottawa Hospital Research Institute, Ottawa, Ontario, K1H
8L6, Canada.
Fetuses that develop without both Myf5 and MyoD genes
ntirely lack skeletal myogenesis and as a consequent of that their
pinal motor and proprioceptive neurons undergo complete apopto-
is. Primary motor cortex of these fetuses completely lack giant
yramidal cells, but their absence is not correlated with increased
evels of apoptosis. This suggests a failure in competence of
rogenitor cells. To further investigate how the peripheral axonal
nputs influence neuronal precursor cell differentiation in various
rain areas involved in motor control wild-type and mutant brains
ere assessed for structural and molecular differences. Mutant
rain anatomical milestones appeared unaffected, but nestin-
xpressing clusters of neural precursor cells, the calretinin-
xpressing pyramidal neurons, and the calbindin-expressing clus-
ers of differentiating neurons appeared significantly less defined in
utant motor cortex area. Consistently, some areas of the extra-
yramidal tract (e.g., caudoputamen and globus pallidus) were also
ffected in mutant brains. Surprisingly, we were unable to detect
ny change in proliferation or cell death in the mutant neuroepi-
helium. Taken together, it appears that patterning mechanisms
ntrinsic to the areas for motor control specify the basic organiza-
Copyright © 2001 by Academic Press. All righttion of its subdivisions. However, external axonal inputs seem to
change intrinsic properties of neural progenitors and influence the
ratios of the cell types they produce.
246. Multiple Levels of Autoregulation on FGF Signaling during
Mouse Mid-/Hindbrain Early Patterning. Aimin Liu and Al-
exandra L. Joyner. Skirball Institute, HHMI, and NYUSM,
New York, New York 10016.
It has been shown that FGF8 is a key factor that functions in the
vertebrate mid-/hindbrain organizer which patterns the early mid-/
hindbrain region. However, how FGF signaling itself is regulated
during this process is still mostly unknown. Recently, two addi-
tional Fgfs, Fgf17 and Fgf18, as well as the postulated antagonists of
GF signaling, Sprouty1 and Sprouty2, have been found to be
xpressed in the mouse mid-/hindbrain region. We show that in
ouse explants taken from E9.5 diencephalon or anterior mid-
rain, FGF8 can upregulate the expression of Fgf18, but not Fgf17 or
Fgf8 by 40 h. Both Sprouty1 and Sprouty2 are rapidly induced by
FGF8 within 4 h. The expression patterns of the three FGF receptor
genes (Fgfr1, -2, and -3) that are expressed in the CNS were
examined since FGF8 has been shown to interact with FGFR2 and
-3 and not FGFR1. Surprisingly at E8.5 and 9.5, Fgfr1 was found to
be expressed weakly throughout the mid-/hindbrain region,
whereas Fgfr2 and -3 were not expressed in anterior hindbrain and
were expressed in an anterior to posterior decreasing gradient in the
midbrain, with Fgfr3 being more restricted to the anterior mid-
brain. Furthermore, Fgfr2 and Fgfr3 were found to be downregu-
lated by FGF8-soaked beads in E9.5 diencephalic explants. In
conclusion, these results provide evidence that FGF signaling feeds
back to regulate further FGF signaling at multiple levels, both
positively and negatively. It is of interest to test whether such
autoregulation is essential for normal patterning of the mouse
mid-/hindbrain region.
247. FGF Signaling Mediates an Organizing Activity in the Ze-
brafish Hindbrain. L. Maves and C. B. Kimmel. Institute of
Neuroscience, University of Oregon, Eugene, Oregon 97403.
The segmentation of the vertebrate hindbrain into seven rhom-
bomeres has been highly conserved during evolution, but how early
hindbrain patterning is initially established is not well understood.
Time-lapse movies of hindbrain development in zebrafish show
that rhombomere 4 (r4) is established first. Two signaling mol-
ecules, FGF3 and FGF8, are coexpressed very early in presumptive
r4. These findings have led us to hypothesize that r4 may act as a
signaling center and promote development of adjacent rhom-
bomeres. Misexpression of either FGF3 or FGF8 can induce expres-
sion of markers for rhombomeres adjacent to r4. Loss of function of
either FGF3 or FGF8 has only subtle effects on hindbrain pattern-
ing. However, loss of both FGF3 and FGF8 causes defects in the
development of rhombomeres adjacent to r4: r3, r5, and r6 are lost
or severely reduced, as assessed by marker gene expression and
neuronal differentiation. Furthermore, our mosaic analyses support
a role for FGF signaling acting within the hindbrain. Taken
together, our findings demonstrate a critical role for FGF-mediated
interrhombomere signaling in organizing early hindbrain pattern-
ing.
248. Role of nlz, a Novel Zinc Finger Protein, in the Development
of the Zebrafish Hindbrain. A. P. Runko and C. G. Sagerstrom.
Department of Biochemistry and Molecular Pharmacology,
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Our laboratory is investigating the molecular signals that con-
trol the formation of the zebrafish hindbrain, a region of the
developing CNS that is composed of seven lineage restricted
compartments referred to as rhombomeres. The boundaries of each
rhombomere can be demarcated by the expression patterns of a
variety of transcription factors. A subtractive hybridization-based
cloning approach has identified a candidate-patterning gene, nlz
(nocA-like zinc finger), which is expressed in the presumptive
hindbrain and spinal cord of midgastrula-stage zebrafish embryos.
Sequence analysis has determined that nlz contains two different
zinc finger motifs that may mediate transcriptional activity di-
rectly through DNA binding or indirectly through protein–protein
interactions. Immunohistochemical analyses has determined that
nlz is localized to the nucleus at midgastrula stages. To determine
whether nlz regulates gene expression within the hindbrain, ec-
topic expression of nlz was performed via RNA injection. In situ
hybridization studies have determined that zebrafish embryos
expressing ectopic nlz exhibit a reduction of genes normally
expressed in rhombomere 3 (krox20, ephA4) and an expansion of
genes normally expressed in rhombomere 4 (hoxb1a, ephrinB2a).
This indicates that ectopic expression of nlz may disrupt hindbrain
patterning through a respecification of rhombomere identity.
These results suggest that nlz, a putative transcription factor, may
directly control hindbrain patterning through modulating genes
that regulate and determine rhombomere specification and iden-
tity.
249. Mosaic Analysis of Antennal Lobe Projection Neurons Sug-
gests That Olfactory System Connectivity Is Genetically
Predetermined. E. C. Marin, G. S. X. E. Jefferis, R. F. Stocker,*
and L. Luo. Stanford University, Stanford, California 94305;
and *University of Fribourg, Pe´rolles, CH-1700, Switzerland.
The antennal lobe (AL) consists of the terminals of afferent
olfactory receptor neurons (ORN), local interneurons, and the
dendrites of efferent projection neurons (PN). The ORN synaptic
terminals and PN dendrites associate to form tight balls of neuropil
called glomeruli; each AL contains roughly 50 such glomeruli,
most of which can be uniquely identified from animal to animal
(Laissue et al., 1999, J. Comp. Neurol.). As in the vertebrate
olfactory system, axons of ORNs expressing a given olfactory
receptor generally converge to a single glomerulus (Vosshall et al.,
Cell, 2000). To investigate the logic of connectivity in the antennal
lobe and between the lobe and higher brain centers, we have
employed the MARCM system (Lee and Luo, Neuron, 1999) using
the GAL4 driver GH146 (Stocker et al., J. Neurobiol., 1997) to
generate single cell and neuroblast clones in the entennal lobe. We
find that GH146-positive AL projection neurons originate from
three spatially distinct neuroblasts. Anterodorsal and lateral neu-
roblast clones densely mark stereotypical and apparently nonover-
lapping subsets of glomeruli, while ventral ones ramify throughout
the entire AL as well as marking a small number of glomeruli
diffusely. Moreover, the PNs innervating specific glomeruli are
generated in a predictable order, beginning in embryonic develop-
ment and apparently ending in late third instar. As the glomeruli
composing the antennal lobes do not appear until about 24 h after
puparium formation, when ORN axons arrive, this suggests that
the fates of the projection neurons are genetically predetermined at
the time of birth.
Copyright © 2001 by Academic Press. All right250. Development of the Avian Olfactory Placode. S. Bhatta-
charyya and M. Bronner-Fraser. California Institute of Tech-
nology, Pasadena, California 91125.
Placodes are focal thickenings of vertebrate head ectoderm,
which give rise to the paired sensory organs of the eye, ear, and
nose, in addition to contributing to the cranial ganglia. The
olfactory epithelium in the nasal cavity derives from the olfactory
placode which fate maps to the anterior neural folds adjacent to the
prospective forebrain region in the four-somite-stage (ss) chick
embryo. Other derivatives of the olfactory placode include glial
cells and gonadotropin-releasing hormone (GnRH) neurons. Rela-
tively little is known about the induction of the olfactory placode
and the molecular mechanisms driving its differentiation into a
variety of cell types. A prerequisite for studying the initial steps in
the induction of the olfactory placode is identifying molecular
markers for this placode. Dlx-3, a member of the distal-less family
of homeobox-containing genes, is expressed in the presumptive
olfactory placode ectoderm from the 7ss, well before the placode
thickens at the 23ss. Pax-6, a paired domain transcription factor, is
strongly expressed in the olfactory epithelium by embryonic day 3.
Heterotopic chick–quail grafts are being used to test the compe-
tence and commitment of ectoderm to express Pax-6. The time at
which the presumptive olfactory placode ectoderm is specified to
express Dlx-3 and Pax-6 is being examined using collagen gel
cultures. Specification of the olfactory sensory neurons and GnRH
neurons is being determined in a similar manner using antibodies
against Olf-1 (a marker for olfactory sensory neurons) and GnRH.
251. TGF-b Modulates Programmed Cell Death in the Developing
Chick Retina. Nicole Duenker, Norbert Schuster, and Kerstin
Krieglstein. Department of Anatomy, University of Saarland,
66421 Homburg/Saar, Germany.
Programmed cell death (PCD) is a key phenomenon in the
egulation of cell number in multicellular organisms. We have
hown previously that reduction of endogenous transforming
rowth factor b (TGF-b) prevents apoptotic PCD of neurons in the
eveloping central and peripheral nervous system (Nature Neuro-
ci. 3(11), 1085–1090). In the developing chick retina nerve growth
actor (NGF) induces PCD by activation of its p75 receptor. We
tudied the role of TGF-b and its putative interdependence with
NGF-mediated PCD in the developing chick retina. TGF-b2, TGF-
b3, and TGF-b receptor II can be detected immunocytochemically
n the central retina, a region where apoptosis is most prominent
uring the early period of PCD. Application of a TGF-b-
neutralizing antibody to chick embryos in ovo resulted in a
decrease of TUNEL-positive cells and a reduction of free nucleo-
some levels. In terms of magnitude, reduction of PCD caused by
the neutralization of endogenous TGF-b was equivalent to that
seen following anti-NGF application. Neutralization of both fac-
tors did not result in a further decrease in apoptosis, indicating that
NGF and TGF-b may act on the same cell population. Neutraliza-
ion of TGF-b did neither affect the expression of NGF and its p75
receptor nor the presence of microglial cell, the cellular source of
NGF. On the other hand, neutralization of NGF did not have any
effect on the expression of TGF-b isoforms or TGF-b receptor. Our
esults suggest that TGF-b and NGF are both required to regulate
cell death in the chick retina in vivo. (Supported by the DFG.)
52. The Multipotency of Retinal Progenitor Cells Depends on
Pax6 Function. T. Marquardt, R. Ashery-Padan, N. Andrejew-
ski, and P. Gruss. Department of Molecular Cell Biology,
s of reproduction in any form reserved.
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The six classes of cells of the vertebrate neuroretina derive from
a common population of multipotent progenitor cells (RPCs)
residing in the inner layer of the optic cup. The molecular mecha-
nisms mediating the potential of RPCs to give rise to the full array
of different retinal cell types remain poorly defined. Prior to
initiating cell differentiation and during the ensuing steps of
retinogenesis RPCs characteristically express a limited set of
transcription factors implicated in the evolutionary ancient genetic
network that initiates eye development. We elucidated the func-
tion of one of these factors, Pax6, in the RPCs of the intact
developing eye by Cre-loxP-mediated conditional gene targeting.
After Cre-mediated loss of Pax6 activity in the neuroretinal layer of
the optic cup, the RPCs become entirely restricted to only one of
the cell fates normally available to RPCs, resulting in the exclusive
generation of amacrine interneurons. Our findings indicate further
that Pax6 directly controls the transcriptional activation of retino-
genic bHLH factors that bias subsets of RPCs toward the different
retinal cell fates, thereby mediating the full retinogenic potential of
RPCs.
253. Changes in the Sensitivity to Apoptosis during Development
of the Retina Are Associated with Ref-1 Expression. L. B.
Chiarini, M. L. Leal-Ferreira, F. G. Freitas, and R. Linden.
Instituto de Biofisica da UFRJ, Rio de Janeiro, RJ, Brazil.
It has been shown that postmitotic undifferentiated cells of the
developing retina are sensitive to apoptosis induced by inhibition
of protein synthesis. In the postnatal rat retina the majority of the
undifferentiated postmitotic cells will differentiate into rod photo-
receptors. Retinal cell differentiation leads to resistance to apopto-
sis induced by inhibition of protein synthesis, suggesting the
accumulation of antiapoptotic proteins during differentiation. In
this study we analyzed the changes in the sensitivity to apoptosis
during the transition from the cell cycle to the fully differentiated
state of retinal photoreceptors and the association of Ref-1 expres-
sion with both differentiation and apoptosis in the developing
retina. Hystotypical retinal explants were maintained in vitro for
24 h under various conditions. Explant sections were used for
detection of cell death and immunohistochemistry. Ref-1 content
increased progressively during differentiation of retinal cells, but
remained less in rod photoreceptores than in other cells of the
mature retina. Photoreceptor cell death was selectively induced by
thapsigargin. During cell death Ref-1 disappeared in apoptotic cells.
Inhibition of protein synthesis both prevented the loss of Ref-1 and
prevented photoreceptor cell death. Our data indicate that Ref-1
content is inversely correlated with sensitivity to apoptosis, and
inhibition of Ref-1 synthesis upon treatment with inhibitors of
protein synthesis may be a major determinant of the death of
undifferentiated postmitotic cells. (Finantial support: FAPERJ,
CNPq, PRONEX.)
254. Characterization of Retinal Differentiation in Zebrafish Lack-
ing the Sonic Hedgehog Gene. D. M. Mallory, R. A. Frey, and
D. L. Stenkamp. University of Idaho, Moscow, Idaho 83844.
Sonic-you (syut4) mutant zebrafish have a deletion in the sonic
hedgehog (shh) gene and show reduced eye size, reduced ganglion
cell neurogenesis, and reduced photoreceptor differentiation. Dur-
ing retinal development, the shh gene is normally expressed by
Copyright © 2001 by Academic Press. All rightganglion cells and the retinal pigmented epithelium. To further
determine which major retinal cell types are specifically affected by
failed Shh signaling, and to gain insight into the mechanisms by
which Shh signaling may influence retinal development, we exam-
ined the eye phenotype of syu mutants and wild-type siblings over
developmental time, using several cell-specific markers and the
TUNEL assay. The spatiotemporal expression patterns of the
transcription factors crx, NeuroD, and pax6 were virtually identical
in mutants compared to wild-type siblings. However, expression of
zebrafish rx-1 in mutants was occasionally reduced in developing
photoreceptors while still present in neuroepithelial cells. Immu-
nocytochemical markers for cell differentiation labeled slightly
fewer cells in mutants at early stages of retinal differentiation (53
hpf). At 58 hpf, markers for bipolar cells, ganglion cells and
amacrine cells showed labeling patterns in mutants similar to
those of wild-type siblings, while markers for photoreceptors
labeled only a few cells in a ventral nasal region, even though a
well-defined photoreceptor layer was usually present throughout
the retina. By 75 hpf, widespread cell death had resulted in
significant loss of all retinal cell types. These data were corrobo-
rated by analysis of embryo whole mounts hybridized with rod and
cone opsin cRNAs: in most mutants, opsin expression was initi-
ated in a ventronasal patch, similar to the situation in wild-type
embryos, but opsin expression was not then propagated throughout
the retina. These data suggest that loss of Shh signaling affects late
features of photoreceptor differentiation and also leads to wide-
spread retinal cell death.
255. Withdrawn.
256. IL-1b Induces FGF Production in the Embryonic Chick
Retina. E. I. Barragan, S. A. Avila, V. Chafrat, and J. Cerdeira.
Histologia, Embriologia, Biologia Molecular y Genetica, Me-
dicina, Universidad Nacional del Comahue, Toschi and Ar-
rayanes, Cipolletti Rio Negro 8324, Argentina.
During eye development, optic vesicles evaginate laterally from
the neural tube and develop into two bilayered eye cups that are
composed of two very different tissues despite their similar embry-
onic origin: an outer pigmented epithelium and an inner neural
retinal layer. The developmental potential of the pigmented epi-
thelial cells is not completely restricted until embryonic day 4.5
(E4.5) in chick embryos; the cells are able to switch their phenotype
and differentiate into neural retina when treated with fibroblast
growth factors (FGF) (C. Pittack, et al., 1997, Development 124,
805–816). IL-1 affects the production of other cytokines or growth
factors. Rat astrocytes treatment with IL-1 increases bFGF in vitro
(D. M. Araujo and C. W. Cotman, 1992, J. Neurosci. 12, 1668).
These studies motivated us to test whether IL-1b addition causes
the production of FGF and consequently a neural retina differen-
tiation after E4 until E10. Optic vesicles from E4 to E10 (pheno-
typic retinal differentiation period) were cultured for 24 h as
explants in the presence of IL-1b or their neutralizing antibodies. In
the current study, we tested a range of doses corresponding to CNS
tissue injections (H. E. W. Day and H. Akil, 1995, Soc. Neurosci.
Abstr. 21, 45.1). The optic vesicles showed no IL-1b basal immu-
oreactivity; however, when IL-1b was applied, the presence of
FGF immunoreactivity was found. We are currently characterizing
the phenotypical differentiation effects in chick retina produced by
this treatment. Cytokines could affect the retinal phenotypical
differentiation pattern via FGF influence.
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258. Taurine and the Glycine Receptor in Vertebrate Retinal
Development. T. L. Young and C. L. Cepko. Harvard Medical
School, Boston, Massachusetts 02115.
It has been well established that extrinsic factors play crucial
oles in the development of various cell fates in the retina. Taurine
as been identified as an extrinsic factor which is produced by
eveloping retinal cells and which promotes rod photoreceptor cell
evelopment in vitro (Altshuler et al., 1993, Development 119,
1317–1328). Nutritional deprivation studies have shown that tau-
rine is essential for proper neuronal development (Palackai et al.,
1986, J. Neurosci. Res. 15, 223–239), although the role for taurine
and the mechanism by which it exerts its effects is unclear.
Pharmacological and expression studies indicate that the rod-
promoting activity of taurine is mediated by the glycine receptor,
specifically the a2 subunit. Retroviruses and transgenic approaches
are being utilized to further characterize the role of taurine and the
glycine receptor during retinal development.
259. Ath5 Is Required for Retinal Ganglion Cell and Optic Nerve
Formation. Nadean L. Brown,*,† Sima Patel,† Joseph Brzez-
inski,* and Tom Glaser.* *University of Michigan, Ann
Arbor, Michigan 48109; and †Northwestern University Medi-
cal School, Chicago, Illinois 60614.
The vertebrate retina contains seven major neuronal and glial
cell types in an interconnected network that collects, processes,
and sends visual signals through the optic nerve to the brain.
Retinal neuron differentiation is thought to require both intrinsic
and extrinsic factors, yet few intrinsic gene products have been
identified that direct this process. Ath5 encodes a basic helix–loop–
helix transcription factor that is specifically expressed by mouse
retinal progenitors. Ath5 is highly homologous to atonal, which is
critically required for R8 neuron formation during Drosophila eye
development. Like R8 cells in the fly eye, retinal ganglion cells
(RGCs) are the first neurons to appear in the vertebrate eye. Here
we show that Ath5 mutant mice are fully viable, yet lack RGCs
and optic nerves. Thus, two evolutionarily diverse eye types
require atonal gene family function for the earliest stages of retinal
neuron formation. At the same time, the abundance of cone
photoreceptors is significantly increased in Ath52/2 retinae, sug-
gesting a binary change in cell fate from RGCs to cones.
260. Abstract #260 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
261. Stem Cells from the Mouse Blastocyst. T. Kunath, C-a. Mao,
D. Strumpf, L. Corson, and J. Rossant. Mount Sinai Hospital,
University of Toronto, Toronto, Ontario M5G 1X5, Canada.
In recent years, stem cell populations have been isolated and
maintained in culture from a variety of tissue sources in the
presence of the correct growth factor/cytokine environment. The
mammalian blastocyst presents an interesting target for stem cell
derivation as it contains only two distinct cell types. The inner cell
mass (ICM) is pluripotent and gives rise to all tissues of the animal,
while the outer layer of the blastocyst, the trophectoderm, gives
rise solely to the trophoblast cells of the placenta. Permanent
Copyright © 2001 by Academic Press. All rightpluripotent embryonic stem (ES) cell lines derive from the ICM of
the mouse blastocyst. ES cells, however, do not form the tropho-
blast of the placenta and so are not fully totipotent. We have
recently shown that permanent trophoblast stem (TS) cell lines can
also be derived from the mouse blastocyst. These cells differentiate
into all trophoblast cell types in vitro and in vivo in chimeras. We
present evidence that FGF4, produced by the ICM derivatives,
signals to the trophoblast, via FGFR, FRS2, and MAP kinase
activation, to restrict the expression of transcription factors, such
as the caudal-related gene, Cdx2, and the T-box gene, Eomes,
which are required for establishment of trophoblast stem cells.
Downstream of FGF signaling, the orphan nuclear receptor, ERRb,
is necessary for stem cell maintenance. We are also examining
signaling from the trophoblast to the ICM derivatives, making use
of ES/TS aggregates. The availability of the two cell types of the
early embryo in the form of permanent cell lines is very useful for
studying their interactions and their roles in promoting early
developmental processes.
262. Molecular Determinants of Asymmetric Stem Cell Kinetics.
J. R. Tunstead, L. Rambhatla, Y. Liu, D. R. Johnson, S. A.
Bohn, and J. L. Sherley. Division of Bioengineering and
Environmental Health, Massachusetts Institute of Technol-
ogy, Cambridge, Massachusetts.
In many somatic tissues of adult mammals, short-lived mature
differentiated tissue cells are continuously renewed by long-lived
stem cells that divide with asymmetric cell kinetics. Somatic stem
cells divide into daughters that differ in cell kinetics fate. One
daughter becomes a new stem cell, whereas depending on the
tissue, the other daughter either differentiates immediately or
divides to produce a pool of cells that differentiate into terminally
arrested mature functional tissue cells. By asymmetric kinetics,
stem cells preserve their number while simultaneously renewing
differentiated cells. The difficulties in performing analyses of
asymmetric cell kinetics by rare stem cells in vivo have resulted in
limited progress in defining mechanisms that govern somatic stem
cell kinetics. We have developed several cultured cell lines that
recapitulate the essential features of somatic stem cell asymmetric
kinetics. With these unique cell lines, we identified the first
described asymmetric cell kinetics control genes. These genes
turned out to be the p53 tumor suppressor gene and the gene
encoding the rate-limiting enzyme for guanine-nucleotide biosyn-
thesis, inosine monophosphate dehydrogenase (IMPDH). Along
with their gene activation target (the p21waf1 cyclin-dependent
kinase inhibitor) and products (guanine ribonucleotides), respec-
tively, p53 and IMPDH constitute a molecular–biochemical path-
way that controls asymmetric cell kinetics. This pathway is
essential to normal somatic stem cell function and defects in it lead
to pathological stem cell states like cancer.
263. Lineage-Specific Differentiation of Human Embryonic Stem
Cells. M. K. Carpenter, C. Xu, M. S. Inokuma, J. Denham, L.
Rambhatla, P. Kundu, Y. Peng, L. Huang, and C. P. Chiu.
Geron Corporation, Menlo Park, California 94025.
Human embryonic stem (huES) cells maintained in vitro for over
1 year can undergo over 250 population doublings while maintain-
ing a stable phenotype and karyotype (Amit et al., 2000). We have
developed a culture system in which these cells can be maintained
without feeder cells while retaining telomerase activity, appropri-
ate surface markers, and OCT-4 expression. In addition, the cells
maintain their capacity to form all three embryonic germ layers in
s of reproduction in any form reserved.
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228 Developmental Biology Volume 235, 2001vitro and in vivo. To date, we have been able to differentiate the
huES cells into neural cells, cardiomyocytes, and hepatocyte-like
cells. Using appropriate culture conditions, huES cells can differ-
entiate into significantly enriched populations (70–90%) of neural
progenitor cells which express either NCAM or A2B5. This popu-
lation can be further differentiated to a population containing at
least 30% mature, functional neurons. In addition, huES cells can
be induced to form hepatocyte-like cells in vitro. Similar to
primary human hepatocytes, the differentiated huES cells show
immunoreactivity to albumin and AAT, but not to AFP. Under
these conditions, as many as 70% of the differentiated cells express
albumin as assessed by immunocytochemistry. The ability to grow
phenotypically and karyotypically stable huES cells for extended
periods of time allows the large-scale production of these cells. In
addition, the ability of the huES to generate neural, cardiomyocyte,
and hepatocyte lineage indicates that huES cells may be an appro-
priate source for cell replacement therapies.
264. Analysis of Somite Development Using a Multiphoton, Mul-
tispectral Approach. Mary E. Dickinson. Biological Imaging
Center, Caltech, Pasadena, California 91125.
Since the development of the first microscope, scientists have
wanted to view complex biological processes from a front row seat.
With the ongoing improvements in microscope technology, lasers,
and computer processors, our vantage point is improving. One of
the latest advances in fluorescence imaging technology, multipho-
ton laser scanning microscopy (MPLSM), is fast becoming the
imaging method of choice to study vital developmental processes.
We have used this approach to study somite development in the
chick embryo. Using a novel lipid transfection system, we have
introduced plasmids expressing fluorescent proteins into chick
cells in vivo and have analyzed the behavior of these cells through-
out development. Our imaging experiments have revealed that
these cells extend long filopodial projections at many stages during
development. To determine if these projections could be used to
facilitate signaling events between somite cells and surrounding
cells, we have labeled multiple cell types within the embryo with
different color dyes to analyze cell–cell interactions. Using a new
spectral imaging device, developed in collaboration with Carl
Zeiss, Jena, Germany, we have been able to examine multiple cell
types simultaneously using different colored probes. Techniques
used to perform these experiments and resulting data will be
discussed.
265. Visualizing Lipid Metabolism in Live Zebrafish. S. Ho,* M.
Pack,† and S. A. Farber.* *Thomas Jefferson University,
Kimmel Cancer Center, Philadelphia, Pennsylvania 19107;
and †Department of Medicine, University of Pennsylvania
School of Medicine, Philadelphia, Pennsylvania 19104.
The optical clarity of zebrafish (Danio rerio) larvae was exploited
to visualize lipid processing in living fish. Although morphology-
based genetic screens have identified numerous mutations, few
reagents have been applied to assess physiological function in vivo.
We produced fluorescent lipids that are substrates for phospho-
lipase A2 (PLA2), an important signaling and digestive enzyme
present in the cytoplasm and brush border of the intestinal epithe-
lium. Cleavage of these lipids by PLA2 either increases or shifts the
wavelength of fluorescent emission, thereby revealing localized
enzymatic activity in live animals. When these lipids are added to
the embryo media of 5-day-old larvae, intense gallbladder fluores-
cence was observed. Larvae were also exposed to a similar lipid that e
Copyright © 2001 by Academic Press. All rightallows simultaneous visualization of the substrate (red) and cleav-
age product (green) because of fluorescence energy transfer (FRET).
Intact substrate was visualized only in the intestinal epithelium,
while the cleavage product accumulated in the gallbladder and
liver. These data provide evidence that in zebrafish, as in mam-
mals, lipids are absorbed and modified in the intestine prior to
transport to the liver. These reagents also enabled the identifica-
tion of the fat free mutation. Mutant larvae show normal digestive
organ morphology but severely reduced phopholipid and choles-
terol processing. Thus, fluorescent phospholipids provide a sensi-
tive readout of lipid metabolism and are a powerful tool for
identifying genes that mediate vertebrate digestive physiology.
266. Inductive Signals That Initiate Feather Bud Development. S.
Noramly, L. Houghton, M. Broun, H. Shimizu, and B. Morgan.
Massachusetts General Hospital and Harvard Medical School,
Charlestown, Massachusetts 02129.
Morphogenesis of the avian integument includes the specifica-
tion of many hundreds of feather buds in precisely controlled
positions. Each of these feather rudiments undergoes a budding
morphogenesis that is regulated by inductive interactions between
signaling centers in the epidermal and dermal components. The
initial epidermal signaling center, the epidermal placode, forms as
a result of activation of the b-catenin signal transduction cascade.
Thus the initial steps of inter and intrabud patterning are reduced
to the question of how activation of this pathway is localized to the
follicle primordia. To address this question, endogenous gene
expression and the effects of forced expression during tract devel-
opment were evaluated for Wnt family members as well as for
modualtors of responsiveness to Wnts. The roles of patterned
expression of specific Wnts and regulated responsiveness to them
during tract patterning and bud morphogenesis will be discussed.
267. Genetic Analysis of Ovule Morphogenesis. C. S. Gasser, T. A.
Hill, R. K. Kuzoff, J. M. McAbee, R. J. Meister, and D. J.
Skinner. Section of Molecular and Cellular Biology, Univer-
sity of California, 1 Shields Avenue, Davis, California 95616.
Development of ovules (the precursors to seeds) serves as an
attractive model to study mechanisms regulating plant morpho-
genesis. Formation of Arabidopsis ovules requires establishment of
developmental pattern along the proximal–distal and abaxial–
daxial axes. Following this pattern, regions of an ovule primor-
ium take on specific developmental fates and undergo morphoge-
etic changes through differential cell expansion and division. We,
nd others, have identified mutants in at least 17 different genetic
oci regulating morphogenetic processes in ovule development.
NNER NO OUTER (INO) encodes a putative transcription factor
hich has an essential role in abaxial–adaxial patterning and
ubsequent asymmetric development of the outer integument of
he ovule. Analysis of mutants and specifically designed transgenic
lants shows that INO positively regulates its own expression and
hat a second gene, SUPERMAN (SUP), is necessary for proper
patial confinement of INO gene expression. HUELLENLOS (HLL),
INTEGUMENTA (ANT), and SHORT INTEGUMENTS 2 (SIN2)
ave both independent and redundant roles in several early aspects
f ovule development. The varied nature of the products of these
enes highlights how an interplay between gene regulation and
odulation of basic metabolic processes can lead to specific
orphological alterations. Some ovule mutants mimic knownvolutionary changes in ovule form, and our results may thus help
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229SDB Meeting Abstractselucidate the natural history of the ovule. (Supported by grants
from NSF and USDA/NRICGP.)
268. Novel Role for Glycosaminoglycans in Cell Signaling Events
during Heart Valve Initiation: Cloning of the Zebrafish jekyll
Mutation. E. Walsh and D. Y. R. Stainier. UCSF, San Fran-
cisco, California 94143.
The atrioventricular valve forms as the result of complex cellu-
ar interaction between endocardial and myocardial cells at the
oundary between the atrium and ventricle of the developing heart.
ork in other model organisms indicates that valve initiation
equires both endocardial and myocardial prepatterning and a
ubsequent myocardial signal to the underlying endocardium. The
ekyll mutation appears to perturb the first steps in this process.
ndocardial and myocardial prepatterning fails to occur, suggesting
hat the jekyll gene product acts quite early in the process of
trioventricular valve initiation and is likely required in the cell
ignaling events that establish the prepattern of the valve forming
egion. jekyll mutant embryos also display a number of other
efects, including loss of semicircular canal formation in the
eveloping otic vesicle and loss of alcian staining in the developing
ranchial arches and fins (both reported first by Neuhauss et al.,
996). Through a combination of positional cloning and candidate
ene testing, we show that the jekyll locus encodes a zebrafish
rthologue of UDP–glucose dehydrogenase (also known as Sugar-
ess in Drosophila). This finding is confirmed by a morpholino
ntisense phenocopy of the jekyll phenotype by oligos designed to
pecifically target ugdh1 transcripts. As Ugdh activity is required
or the production of hyaluronic acid and proteoglycans, the
loning of the jekyll mutation provides more evidence that these
olecules are critical for patterning events during early embryonic
evelopment.
69. Genetic Analysis of FGF Gene Function in Limb Develop-
ment. X. Sun, M. Lewandoski, E. Meyers, and G. R. Martin.
Department of Anatomy and Program in Developmental
Biology, University of California, San Francisco, California
94143.
According to a widely accepted model of vertebrate limb forma-
ion, limb skeletal elements arise from mesodermal cells in a
progress zone” at the distal tip of the limb bud. As limb develop-
ent proceeds, cells in this progress zone are hypothesized to
ecome steadily more distal in character, thereby giving rise to
uccessively more distal skeletal elements. The “distalization” of
he progress zone is thought to occur as a consequence of the time
pent under the influence of signals from the apical ectodermal
idge (AER), a specialized epithelium that rims the distal tip of the
imb bud. Since beads soaked in FGF protein can substitute for the
ER to provide the signals necessary for development along the
ength of the limb proximal–distal axis, it has been proposed that
GFs produced in the AER (AER–FGFs) are the distalizing factors.
o test this hypothesis, we have used the Cre/loxP system to study
he consequences of inactivating AER–FGF genes in the developing
ouse limb bud. The phenotypes of the mutant limbs will be
escribed, and an alternative to the progress zone model will be
iscussed.
70. Wnt3 Signaling in the Limb Ectoderm Is Required for the
Establishment of the AER. Jeffery R. Barrow,* Kirk R.
Thomas,† Mario R. Capecchi,† and Andrew P. McMahon.*
Copyright © 2001 by Academic Press. All right*Harvard University, Cambridge, Massachusetts 01238; and
†University of Utah, Salt Lake City, Utah 84112.
Mice possessing a null mutation at the Wnt3 locus fail to
astrulate and die at early stages of embryogenesis (E9.5). We have
enerated mice with a conditional (“floxed”) allele of Wnt3 (Wnt3c)
n order to determine its roles at later stages of development. We
ave also generated transgenic mouse lines harboring Cre recom-
inase driven by the Brachyury (T) promoter as a means of
pecifically removing Wnt3 in the primitive streak of embryos. We
bserved that mice transheterozygous for the Wnt3 null and
onditional alleles (Wnt3n/c) and also possessing a “TCre” line
TCre14) exhibited no gastrulation anomalies but surprisingly
ossessed severe hindlimb outgrowth defects. We subsequently
ound that TCre14 exhibited robust Cre activity in the hindlimb
ctoderm. In addition, we found Wnt3 to be expressed ubiquitously
n the ectoderm but not the mesenchyme of the developing limb.
e demonstrate that these conditional mutants do not express
arkers characteristic of the apical ectodermal ridge (AER) suggest-
ng that Wnt3 plays an important role in the establishment of this
issue. We also show that Fgf10, which is also essential for the
stablishment of the AER, continues to be strongly expressed in the
arly limb mesenchyme of these mutants suggesting that Wnt3 is
ikely to act downstream of this molecule. We describe further
olecular characterization of the mutant hindlimbs. Finally, we
escribe the conditional removal of b-catenin in the limb mesen-
chyme vs ectoderm and argue that Wnt3 signals to the distal limb
ectoderm to establish the AER.
271. Multiple Wnt Signaling Pathways in Vertebrates. R. T. Moon,
L. Sheldahl, J. Waxman, M. Park, J. Yang-Snyder, and B.
Cheyett. University of Washington School of Medicine, Se-
attle, Washington 98195.
Based on gain-of-function assays in Xenopus and zebrafish em-
bryos, we have previously reported that different Wnts elicit one of
two classes of responses. One group of Wnts stimulates elevation of
dorsal regulatory genes leading to duplication of the embryonic
axes, while another group of Wnts leads to changes in morphoge-
netic movements. Subsequent study has revealed that the former
group of Wnts activates the canonical b-catenin signaling pathway,
hile the latter group of Wnts appears to work in a b-catenin-
independent manner. These observations prompted us to investi-
gate whether multiple Wnt signaling pathways exist in vertebrates.
Assays of mouse and rat Frizzled homologs in explants of Xenopus
embryos revealed that these receptors preferentially activate one of
two apparently distinct signaling pathways. One group of receptors
leads to activation of known b-catenin target genes, while other
eceptors are much less efficient in eliciting gene activation.
nstead, these receptors preferentially stimulate CamKII, PKC, and
ntracellular calcium release. Based on these results we have
roposed the existence of a b-catenin-independent Frizzled signal-
ing pathway, the Wnt/calcium pathway. While many important
questions remain to be resolved, it is increasingly apparent that
Wnt signaling in vertebrates is more complex than had been
presumed based on genetic analyses in Drosophila. The respective
roles of these pathways in vertebrate development will be dis-
cussed.
272. Nodal Signaling Regulates the Laterality of Asymmetries in
the Zebrafish Brain and Viscera. Rebecca D. Burdine,* Miguel
L. Concha,† Felix Olale,† Steven Zimmerman,* Silke Geiger-
Rudolph,‡ Robert Geisler,‡ Stephen W. Wilson,† and Alex-
s of reproduction in any form reserved.
230 Developmental Biology Volume 235, 2001ander F. Schier.* *Skirball Institute NYU Medical Center,
New York, New York 10016; †University College London,
London, United Kingdom; and ‡Max Planck Institute, Tu¨-
bingen, Germany.
Vertebrates have internal asymmetries along the left-right (L-R)
axis revealed by organ placement about the midline. In zebrafish,
Nodal signaling components are expressed asymmetrically on the
left in the lateral plate mesoderm (LPM) and in the diencephalon
(DI). The zebrafish gene one-eyed-pinhead (oep) is a member of the
EGF–CFC family of proteins that are required cofactors for Nodal
signaling. Oep embryos rescued by RNA injection for an early
requirement for oep appear wild type but have defects in L-R organ
placement in the viscera and the brain. Additionally, asymmetric
gene expression in the LPM and DI is never established in these
embryos. Similar results were obtained in zebrafish schmalspur
mutants that have defects in the Nodal transducer Fast1. In both of
these mutants, organs still obtain asymmetric positions, but these
positions are randomized with respect to the midline. This indi-
cates that Nodal signaling is not required for the generation of
asymmetry per se, but is required to direct these asymmetries. Our
analysis suggests a model where an early Nodal signaling event
leads to a repression of gene expression in the LPM and DI. A later
oep-dependent step is required to overcome this repression and
allow for gene expression to occur. In addition, we are mapping and
cloning several genes that affect L-R development in the zebrafish,
and our recent results on this work will be presented.
273. Calmodulin-Dependent Protein Kinase IV-Mediated Antago-
nism of BMP Signaling Regulates Lineage Commitment and
Survival of Hematopoietic Progenitors. M. J. Walters,* G. A.
Wayman,† J. Notis,† R. H. Goodman,† T. R. Soderling,† and
J. L. Christian.* *Department of Cell and Developmental
Biology and †Vollum Institute, Oregon Health Sciences Uni-
versity, School of Medicine, Portland, Oregon 97201.
Bone morphogenetic proteins (BMPs) are required for specifica-
tion of ventral fate and thus for formation of all ventral derivatives,
including primitive blood. We have found that BMPs play a second
role in hematopoiesis that is independent of their function in
specifying ventral fate. When BMP activity is upregulated or
inhibited in Xenopus embryos hematopoietic precursors are speci-
fied properly but few mature erythrocytes are generated. Distinct
cellular defects underlie this loss of erythrocytes: inhibition of
BMP activity induces erythroid precursors to undergo apoptotic
cell death whereas constitutive activation of BMPs causes commit-
ment of hematopoietic progenitors to myeloid differentiation at the
expense of erythrocytes. These blood defects are observed even
when BMP activity is misregulated solely in nonhematopoietic
(ectodermal) cells, demonstrating that BMPs generate extrinsic
signals that regulate lineage commitment and survival of blood
precursors independent of mesodermal patterning. Further analysis
revealed that endogenous calmodulin-dependent protein kinase IV
(CaM KIV) is required to negatively modulate hematopoietic func-
tions of BMPs downstream of receptor activation. Our data are
consistent with a model in which CaM KIV inhibits BMP signals by
activating a substrate, possibly cAMP-response element-binding
protein (CREB), that recruits limiting amounts of CREB binding
protein (CBP) away from transcriptional complexes functioning
downstream of BMPs.
274. The Role of Cytonemes in Patterning in Drosophila Imaginal
Discs. Thomas Kornberg, Felipe-Andres Ramirez-Weber,
Copyright © 2001 by Academic Press. All rightGretchen Ehrenkaufer, and Makoto Sato. Department of
Biochemistry and Biophysics, University of California, San
Francisco, California 94143.
Many types of cells have motile filopodia that extend out from
the cell body in apparent anticipation of movement, directed
growth, or developmental patterning events. We have found that
cells in Drosophila imaginal discs extend long processes (cy-
tonemes) toward both the anterior/posterior and dorsal/ventral
organizers. Their growth toward the A/P organizer is dependent
upon Hedgehog and their growth toward the D/V organizer is
dependent upon Wingless. Cytonemes have also been observed in
eye imaginal discs and growing from embryo cells of mesodermal
and endodermal origin. The function of cytonemes will be dis-
cussed.
275. Cell Interactions and Boundary Formation in Drosophila
Wing Development. S. Cohen. EMBL, Heidelberg, 69117,
Germany.
Mechanisms to segregate cell populations play important roles
in tissue patterning during animal development. Cell segregation
can be driven by heritable states of gene expression that produce
compartments that are separated by boundaries of lineage restric-
tion. Cell populations can also be separated to produce adjacent
domains that are globally stable in terms of gene expression, but
that do not preclude cell mixing at the boundary. The mechanisms
that direct segregation of cell populations are not well understood.
Differences in cell affinity may be involved. I will present recent
studies on two membrane proteins that are involved cell segrega-
tion in Drosophila wing development. These proteins are regulated
by Apterous in the dorsal compartment and contribute to forma-
tion of the dorsal–ventral compartment boundary. Later they are
regulated by Dpp and produce an affinity difference between medial
and lateral regions that contributes to a secondary noncompart-
mental subdivision of the wing. Thus a common cellular mecha-
nism may underlie two apparently different types of developmental
subdivision.
276. MEX-3-Interacting Proteins Link Cell Polarity to Asymmet-
ric Gene Expression in Caenorhabditis elegans. N. N.
Huang,* D. Mootz,* A. J. Walhout,† M. Vidal,† and C. P.
Hunter.* *Department of Molecular and Cellular Biology,
Harvard University, Cambridge, Massachusetts 02138; and
†Dana Farber Cancer Institute, Harvard Medical School, Bos-
ton, Massachusetts 02115.
The KH domain protein MEX-3 is key to the spatial and
temporal control of PAL-1 expression in the Caenorhabditis el-
egans early embryo. pal-1 encodes a Caudal-like homeodomain
protein that is required to specify the fate of posterior blastomeres.
While pal-1 mRNA is present throughout the oocyte and early
embryo, PAL-1 protein is only detected in posterior blastomeres
starting at the four-cell stage. This spatial and temporal patterning
of PAL-1 is dependant on MEX-3 and the pal-1 39UTR. In turn,
MEX-3 localization and activity is dependent on the early-acting
par genes. We have identified two MEX-3-interacting proteins
(MIPs), MEX-6 and PIP-1, that are required for spatial but not
temporal patterning of PAL-1. mex-6 encodes a CCCH-type zinc
finger protein that represses PAL-1 expression in the anterior and
prevents premature degradation of MEX-3 protein. pip-1 encodes an
RNA recognition motif protein that represses weak PAL-1 expres-
s of reproduction in any form reserved.
231SDB Meeting Abstractssion in the anterior and is required for the timely degradation of
MEX-3. Genetic analysis of the mips and pars suggests that MEX-6
and PIP-1 define parallel pathways that control MEX-3 stability and
activity. We propose that MEX-3 and the MIPS act to translate the
polarity information provided by the early acting par genes into the
asymmetric distribution of the cell fate determinant, PAL-1.
277. Patterning Vertebrate Head Development. R. Krumlauf, P.
Trainor, and N. Itasaki. Stowers Institute for Medical Re-
search, Kansas City, Missouri 64110; and National Institute
for Medical Research, London NW7 1AA, United Kingdom.
Vertebrate head development involves the complex coordination
of intrinsic patterning processes with tissue interactions and envi-
ronmental signaling. In the nervous system regional diversity is
achieved in the hindbrain through the process of segmentation.
This metametic organization has an important role outside of the
CNS though its ability to generate cranial neural crest cells that
migrate from specific segments into the branchial arches and form
many of the bone and connective tissue structures during head
morphogenesis. The expression of the Hox family of homeodomain
transcription factors is coupled to these events and these genes are
important for regulating multiple steps during hindbrain segmen-
tation and cranial neural crest patterning. Using transgenic analy-
ses and comparisons in several vertebrates we have begun to build
a picture of the regulatory components upstream and downstream
of the Hox genes. Furthermore, using the transgenic marker lines in
combination with lineage tracing, cell grafting, and embryo culture
we investigated the degree of autonomy and plasticity in patterning
events in wild-type and mutant mouse embryos. We found that cell
community effects are important in the hindbrain and uncovered
an unexpected role for head mesoderm in regulating the fate of
neural crest cells. We have found that distict signals are important
for regulating the formation, migration, and fate of neural crest
cells. Finally we have devised screens to identify and characterize
some these signaling factors and pathways. The current state of
progress on regulatory pathways and cell signaling will be pre-
sented during the talk.
278. Early Development of the Otic Placode. Andrea Streit. De-
partment of Craniofacial Development, King’s College, Guy’s
Campus, London SE1 9RT, United Kingdom.
The vertebrate inner ear is derived from a simple columnar
epithelium adjacent to the hindbrain, the otic placode. Thickening
of the placode is apparent at the 8- to 10-somite stage; however,
several otic markers are already expressed before morphological
changes occur. Expression of some of these markers continues
when the otic region is isolated indicating that otic specification
and induction has already begun. Signals derived from both the
underlying mesoderm and the adjacent neural plate have been
implicated in otic induction; however, it has remained unclear
when this process begins. To address this we have first constructed
a fate map of otic placode precursors in the chick embryo from
neural plate to early somite stages using focal injections of DiI.
Second, we have investigated the period when otic development
depends on mesodermal signals and determined which regions in
the embryo are competent to respond to these signals. Our results
suggest that mesodermal signals are necessary for normal develop-
ment of the otic placode, but alone are not sufficient for its
Copyright © 2001 by Academic Press. All rightinduction in ectoderm that is not fated to give rise to sensory
placodes.
279. Hindbrain Patterning in the Zebrafish: Who Helps the Hox
Genes? A. J. Waskiewicz, H. Rikhof, H. Po¨pperl, and C. B.
Moens. Fred Hutchinson Cancer Research Center, Seattle,
Washington.
Hox genes are required for the specification of segment identity.
In Drosophila, loss of individual Hox genes causes the wholesale
transformation of segments to more anterior identities. In contrast,
the phenotypes caused by mutations in individual vertebrate Hox
genes are subtle, partly because of redundancy between Hox
paralogs and partly because individual Hox genes appear to control
distinct aspects of segment identity. The zebrafish lazarus mutant
broadly reduces Hox gene function by eliminating the zygotic
expression of a common Hox DNA binding partner, Pbx4. lzr/pbx4
mutants combine the phenotypes of several hox mutants in the
mouse, and lzr/pbx4 is required for the effects of ectopic hox gene
expression. Lazarus is expressed maternally and zygotically and is
one of five pbx genes that we have identified in the zebrafish. To
examine the effects of eliminating all Pbx function in the early
zebrafish embryo we have made germline clones to eliminate both
maternal and zygotic lzr and have used antisense morpholino
oligonucleotides to eliminate the function of the one other pbx
gene, pbxy, that is coexpressed with lzr/pbx4 in the early embryo.
In these mzlzr; pbxyMO embryos, we observe a wholesale trans-
formation of the hindbrain to rhombomere 1, the segment imme-
diately anterior to the most anterior limit of hox gene expression in
the embryo. This phenotype is analogous to that of Drosophila
embryos in which all Hox genes have been eliminated and demon-
strates that vertebrate Pbx genes, functioning together with their
Hox partners, are broadly required for the specification of all
aspects of segment identity in the vertebrate hindbrain.
280. BMPs Regulate Neural Patterning via Homeobox and bHLH
Transcription Factors. John R. Timmer and Lee Niswander.
HHMI, Sloan-Kettering Institute, New York, New York
10021.
Experiments in which the roofplate was ablated indicate that the
BMP family members expressed there are necessary for the proper
patterning of the dorsal neural tube. To examine the mechanism by
which BMPs pattern the neural tube, we activated BMP signaling in
a cell autonomous manner in the developing spinal neural tube. We
find that BMPs regulate the expression boundaries of several
homeobox genes, generating distinct dorsal and intermediate cell
populations. BMP signaling then participates in the division of both
the dorsal and the intermediate regions into small populations of
neural precursors. In the intermediate cell population, BMP signal-
ing promotes the generation of dorsal fates via its regulation of two
homeobox proteins. In the dorsal cell population, we find that
specific thresholds of BMP signaling activity set the expression
boundaries of several bHLH genes, resulting in the division of this
population into several pools of progenitor cells. We have shown
that the division of these regions is necessary for the generation of
a diversity of terminally differentiated neurons.
281. Motor Neuron Axon Guidance in Caenorhabditis elegans. Y.
Jin and X. Huang. HHMI, University of California, Santa
Cruz, California 95064.Netrins and its receptors are involved in axon guidance in diverse
s of reproduction in any form reserved.
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232 Developmental Biology Volume 235, 2001animals from worms to mammals. The UNC-5 family of Netrin
receptors predominantly mediates axon repulsion, and the UNC-40/
DCC family of Netrin receptors mediates axon attraction. The signal-
ing events downstream of these Netrin receptors are largely un-
known. We report here the Caenorhabditis elegans max-1 gene that
functions to modulate and transduce the UNC-5 signal. In wild-type
worms, the ventral cord type D motor neurons grow circumferential
commissures using the guidance signal of UNC-6/Netrin and UNC-5
receptor. max-1 loss of function mutations cause fully penetrant but
variable defects in the D neuron commissural guidance. Weak alleles
of unc-5 and unc-6 strongly enhance Max-1 phenotypes and null
alleles of unc-5 and unc-6 act as dominant enhancers. In contrast,
unc-40 mutations, which affect another receptor of UNC-6, do not
dominantly enhance Max-1 phenotypes. max-1 encodes a novel
conserved protein that has two PH, one Myth4 and one FERM
domains. PH domains are known to interact with lipid membrane;
FERM domains are also membrane-anchoring domains, originally
found in Band4.1 protein and Ezrin/Radixin/Moesin (ERM) proteins
and can interact with PDZ domains and the cytoplasmic tails of
several transmembrane proteins. MAX-1 functions in motor neurons
and is localized to neuronal processes. Yeast two-hybrid analysis
supports a physical association of UNC-5 and MAX-1. We propose
that MAX-1 may modulate UNC-5 activity by binding to UNC-5 and
also acting as a scaffold to transduce UNC-5 signals in axon repulsion.
282. A Gene Trap Screen for Axon Guidance Receptors in Mice. L.
Goodrich, K. Mitchell, X. Lu, P. Leighton, W. Skarnes, and M.
Tessier-Lavigne. University of California, San Francisco, Cali-
fornia; and University of California, Berkeley, California.
Wiring the brain is a complex task involving many molecular cues
and receptors. To identify and characterize axon guidance genes, we
have developed a gene trap method that permits prescreening in
embryonic stem cells followed by a direct anatomical screen in mice.
The approach enriches for insertions of a vector into genes that encode
secretory proteins, thereby both mutating these genes and labeling the
cells that express them. Select cell lines with interesting insertions
are used to generate mutant mice that can be analyzed for wiring
defects. To facilitate the screen, the vector encodes two reporters:
b-galactosidase, which labels cell bodies, and human placental alka-
line phosphatase (PLAP), which labels axons. Using these markers, we
can look for guidance defects by directly comparing labeled trajecto-
ries in heterozygous and homozygous animals. To date, we have
created over 500 cell lines with insertions in both known and novel
genes. About 70% of the known genes encode secreted or transmem-
brane proteins, including 13 known guidance molecules. Many novel
genes correspond to ESTs and are also predicted to encode receptors.
We have established 50 lines of mice and screened 24 lines for
guidance defects. Many lines are lethal or exhibit obvious phenotypes,
confirming that the vector is mutagenic. Moreover, for genes that
have previously been mutated, gene trap and traditional knock-out
mice exhibit similar or identifical phenotypes. Staining for PLAP
activity reveals a remarkable variety and specificity of expression
patterns, providing useful insight into a molecular wiring diagram of
the brain. Already, axon guidance defects have been uncovered in
animals with insertions in the transmembrane semaphorin Sema6a
and in the Eph receptor EphA4. These encouraging preliminary
studies suggest that the screen can now be conducted on a large scale.
283. Abstract #283 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher. i
Copyright © 2001 by Academic Press. All right284. How Does Progesterone Activate the Quiescent Frog Oocyte?
J. V. Ruderman, J. Tian, S. Kim, B. Duckworth, L. Littlepage,
and S. Leung. Harvard Medical School, Boston, Massachusetts
02115.
Frog oocytes remain arrested until they are activated by proges-
terone, which induces them to reenter the cell cycle, resume the
meiotic divisions and differentiate into mature, fertilizable eggs. In
somatic cells, steroid hormones have long been known to bind and
activate transcription factors. In oocytes, however, progesterone
triggers cell cycle activation by a nontranscriptional mechanism: it
rapidly activates a cytoplasmic signaling pathway that leads to the
polyadenylation and translational activation of stored mRNAs.
Newly translated mos protein, a MAPKKK, then leads to activation
of preexisting MPF (cyclin B/cdc2). It has been assumed that the
oocyte progesterone receptor would be novel, i.e., different from
the conventional, transcriptional progesterone receptor (PR). Re-
cent work from our lab and others has now demonstrated that a
conventional, transcriptional PR, XPR-1, also has the capacity to
initiate cytoplasmic signaling. Overexpression of XPR-1 acceler-
ates progesterone-induced cell cycle reentry, and antisense-
ablation of XPR-1 blocks the ability of oocytes to respond to
progesterone. Add-back experiments are under way to identify the
regions of XPR-1 that are required for its ability to initiate cyto-
plasmic signaling and to find downstream components in the
pathway. We are especially interested in how progesterone leads to
activation of the Ser/Thr kinase Eg2, which is responsible for the
phosphorylation of CPEB, a protein that is bound to the 39 UTR of
os mRNA and whose activation by Eg2 results in the polyade-
ylation and translational activation of mos mRNA.
85. The Coordination of Cell Division in the Root Meristem of
Arabidopsis thaliana. R. W. Rea,* J. P. Haseloff,† and S. M.
Bougourd.* *University of York, York YO10 5DD, United
Kingdom; and †University of Cambridge, Cambridge CB2
3EA, United Kingdom.
The cells of higher plants are generally nonmotile and thus the
oordination of cell division and cell expansion is crucial in
llowing normal growth and development. Little is known, how-
ver, about the mechanisms by which particular groups of cells
oordinate their division and expansion relative to neighbo0ring
ells during normal development. We are investigating the impor-
ance of localised coordination of cell division in determining the
rchitecture of the root meristem of Arabidopsis thaliana. Using a
AL4–GFP transactivation system, the rate of cell division is
ltered in specific cell layers via targeted misexpression of cell
ycle regulatory genes. The consequences of these perturbations
re then visualized using high-resolution confocal imaging, fol-
owed by computerized three-dimensional reconstruction of cellu-
ar architecture. We have shown that altering the rate of cell
ivision in particular layers of the root during embryonic develop-
ent can have a marked effect on cell division rates and/or
xpansion in neighboring cells. For example, accelerating cell
ivision rates within the columella region of the root cap signifi-
antly increases the number of quiescent center cells and vascular
nitials. This suggests that perturbation of cell division in the
olumella is perceived by neighboring cells which adjust their own
ivision rates to compensate. This approach allows us to determine
he range and direction of cell-to-cell communication between cell
ayers during root development and may provide insights into
ntercellular signaling within the root meristem.
s of reproduction in any form reserved.
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233SDB Meeting Abstracts286. Regulation of the Caenorhabditis elegans Cell Cycle by
Cullin/RING Finger Complexes. E. T. Kipreos, W. Zhong, and
H. Feng. University of Georgia, Athens, Georgia 30602.
Eukaryotic cell cycle transitions are potentiated by the
biquitin-mediated degradation of cell cycle regulators. This deg-
adation inactivates molecular pathways specific for the previous
ell cycle phase and activates pathways required for the new cell
ycle phase. Cullin/RING finger complexes play key roles as
biquitin-ligases to select cell cycle regulators for degradation.
hese complexes contain a cullin and a RING finger protein as core
omponents. We have found that Caenorhabditis elegans cullins
re required for multiple aspects of cell cycle progression. CUL-1 is
equired for cell cycle exit in response to developmental cues. In
ul-1 mutants, developmentally programmed cell cycle exit does
ot occur; rather cells continue to cycle for several more rounds.
ther aspects of development, such as cell fate determination,
ifferentiation, and morphogenesis, are largely unaffected. CUL-2
s required for two distinct cell cycle functions: G1 phase progres-
ion and chromatin condensation. In the absence of cul-2, germ
ells arrest in G1 phase, due, at least in part, to a failure to
egatively regulate the level of the CDK inhibitor CKI-1. In early
ul-2 mutant embryos (lacking a G1 phase) mitotic chromosomes
o not condense, resulting in unequal DNA segregation, the
ormation of DNA bridges, and multiple nuclei. CUL-4 is required
o limit DNA replication to once per cell cycle. Inactivation of
ul-4 by RNAi produces 10–15% embryonic arrest with the re-
ainder arresting in the L2 larval stage. In these animals, blast
ells do not divide but instead arrest in S phase with continuous
ereplication of their genomic DNA, often achieving ploidies of
reater than 100n.
87. Abstract #287 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
88. Hedgehog Signaling Promotes Cell Growth and Proliferation
by Regulating Expression of Rb/E2F Pathway Components.
M. Duman-Scheel, L. Weng, S. Xin, and W. Du. University of
Chicago, Chicago, Illinois 60637.
Although mutations that activate the Hedgehog (Hh) signaling
athway have been linked to several types of cancer, the molecular
asis of Hh’s ability to induce tumor formation is not understood.
e have identified a mutation in patched, an inhibitor of Hh
ignaling, in a genetic screen for regulators of the Retinoblastoma
Rb) tumor suppressor pathway in the developing Drosophila eye.
his discovery suggested that the Hh and Rb/E2F pathways may
nteract in order to regulate the cell cycle during development.
ere, we show that Hh signaling promotes both cell growth and
roliferation by regulating the expression of several members of the
b/E2F signaling pathway. During eye development, Hh’s ability to
nduce cell growth and proliferation is carefully regulated and
oordinated with its ability to induce neural differentiation. Inabil-
ty to regulate Hh signaling results in constitutive activation of the
b/E2F pathway, excess cell proliferation, growth, and, potentially,
he formation of tumors.
89. Cell Cycle Control by Ecdysteroid and Nitric Oxide during
Insect Metamorphosis. D. T. Champlin* and J. W. Truman.
*Department of Biology, University of Southern Maine, 96
Falmouth Street, Portland, Maine 04104; and Department of
Copyright © 2001 by Academic Press. All rightZoology, Box 351800, University of Washington, Seattle,
Washington 98195.
Studies on cultured brains of pupae of the moth, Manduca sexta,
how that proliferation of neuroblasts in the optic lobe anlage (OA)
s influenced by local and systemic signals. The systemic signal is
rovided by ecdysteroid. Ecdysteroid acts via a transcription-
ependent step to allow the neuroblasts to pass from G2 to M. The
ocal signal is a suppressive signal provided by nitric oxide (NO)
roduced by cells in the OA. High levels of exogenous NO block
ntry into M even in the presence of adequate levels of ecdysteroid.
owever, under normal conditions, ecdysteroid can also act to
uppress NO synthase activity, thereby rapidly lowering endoge-
ous levels of NO. To further examine the opposing actions of
cdysteroid and NO in regulating entry into mitosis, we have
loned the homologue of Cdc25 phosphatase. Mscdc25 mRNA is
ot detected in optic lobes cultured without ecdysteroid. The
RNA is induced within 30 min of shifting to ecdysteroid levels
hat support proliferation. Similar levels of mRNA were induced in
he presence of a protein synthesis inhibitor suggesting that tran-
cription of Mscdc25 is a direct response to the steroid. Similar
evels of mRNA were also induced by ecdysteroid in the presence
f an exogenous NO donor that blocked entry into mitosis. This
uggests that NO blocks at a site after Mscdc25 transcription.
ext, the effect of ecdysteroid and NO on the levels of the Cdc25
rotein and phosphatase activity will be examined.
90. TCF Factors: Mediators of Wnt Signaling. H. Clevers. Univer-
sity Medical Center Utrecht, Heidelberglaan 100, 3584 CX,
Utrecht, The Netherlands.
The founding members of the TCF/LEF family are T cell factor 1
(TCF1) and lymphoid enhancer factor 1 (LEF1). In adult mammals,
TCF1 is uniquely expressed in T lymphocytes, while LEF1 is
expressed in T cells and early B cells. During murine development,
however, expression of TCF1 and LEF1 occurs in complex overlap-
ping patterns in many tissues. The unique in vivo functions of
TCF1 and LEF1 have been explored by gene disruption experi-
ments. Tcf12/2 knockout mice are severely impaired in the
generation of T cells, but are otherwise normal. Lef12/2 mice lack
hair, teeth, mammary glands, and trigeminal nuclei and as a
consequence die around birth. As deduced from direct analyses and
from transplantation experiments, the Lef1 mutation has no major
effects on the immune system. In Tcf1/Lef1 double knockout mice,
development of T cells is completely abrogated, indicating that
Lef1 can substitute for Tcf1 in T cell differentiation. Factors of the
TCF/LEF HMG domain family (TCFs) exist throughout the animal
kingdom. It has become evident that TCFs interact with the
vertebrate WNT effector b-catenin to mediate axis formation in
Xenopus. Likewise, Armadillo (the Drosophila ortholog of
b-catenin) is genetically upstream of Drosophila TCF in the Wing-
less pathway. Upon Wingless/Wnt signaling, Armadillo/b-catenin
associate with nuclear TCFs and contribute a transactivation
domain to the resulting bipartite transcription factor. In the ab-
sence of Wnt signaling, Tcf factors associate with proteins of the
Groucho family of transcriptional repressors to strongly repress
target gene transcription. The cytoplasmic tumor suppressor pro-
tein APC or its homolog APC2 bind to b-catenin causing its
destruction. In APC-deficient colon carcinoma cells, b-catenin
accumulates and is constitutively complexed with the TCF family
member Tcf-4. In APC-positive colon carcinomas and melanomas,
dominant mutations in b-catenin render it indestructable, provid-
s of reproduction in any form reserved.
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234 Developmental Biology Volume 235, 2001ing an alternative mechanism to inappropriately activate transcrip-
tion of TCF target genes. Tcf-4 gene disruption leads to the
abolition of stem cells in the crypts of the small intestine, while
Tcf-1 gene knockout severely disables the stem cell compartment
of the thymus. So, transcriptional activation of TCF target genes by
b-catenin appears to be a central event in development and cellular
transformation.
291. Using RNAi to Explore Short-Germband Segmentation in
Ocopeltus fasciatus. P. Z. Liu and T. C. Kaufman. Indiana
University, Bloomington, Indiana 47405.
Although all insects possess a very similar adult body plan, this
elies the diversity of developmental processes that give rise to it.
or example, insects can be long germband or short germband. In
ong-germband insects such as Drosophila melanogaster, the blas-
oderm occupies most of the egg and all the body segments are
pecified simultaneously. However, in short-germband insects, the
eveloping blastoderm only occupies a fraction of the egg’s length
nd not all segments are initially specified. More terminal seg-
ents are added sequentially, during embryonic development.
hough the genetics of Drosophila development and segmentation
ave been well studied, we know very little about the developmen-
al genetics that govern short-germband segmentation. However,
e can use what is already known about the genetics of segmen-
ation in the fly as a starting point for study in other insects. We
ave used dsRNA-mediated interference (RNAi) to dissect gene
unction of conserved segmentation genes from the milkweed bug,
ncopeltus fasciatus, a short-germband hemimetabolous insect.
e have cloned Oncopeltus orthologs of Drosophila segmentation
genes at each part of the segmentation pathway: hunchback,
Kruppel, even-skipped, and engrailed. By investigating RNAi deple-
tions of these genes in Oncopeltus, we can deduce their develop-
mental functions in this insect. This will allow us to better
understand the mechanism of short-germband segmentation.
292. Potential for Cross-Interference with RNAi. Jeff Norman, Erin
Bishop, and Mary K. Montgomery. Macalester College, St.
Paul, Minnesota 55105.
RNAi is a useful reverse genetic tool for analyzing gene function
in many, although not all, eukaryotic species. Given the large
number of genes that have arisen due to gene duplication and that
share highly conserved domains with other family members, we
were concerned with the following question: What is the potential
for cross-interference between the introduced dsRNA and endoge-
nous sequences other than those specifically targeted? As part of
our experimental approach to address this question, we cloned
homologous sequences from Caenorhabditis elegans and the
closely related C. briggsae and tested these sequences for the
ability to cause interference in both species. This experimental
approach allowed us to accomplish three goals: (1) determination of
the effectiveness of short sequences to generate reliable RNAi
phenotypes; (2) potential for cross-interference between the intro-
duced dsRNA and mRNAs other than those specifically targeted;
and (3) preliminary characterization of the functions of conserved
genes involved in embryonic patterning in C. briggsae. We have
found that the ability of dsRNA to cause interference relies on a
combination of length, longest 100% stretch of nucleotide identity,
and overall sequence identity with the target mRNA. Our results
are consistent with current models of the mechanism governing
RNAi. But our results suggest that although an incredibly diverse
Copyright © 2001 by Academic Press. All rightset of organisms appear to respond to the presence of dsRNA in a
similar manner; i.e., by silencing the activity of cognate sequences
presumably through a conserved pathway, even closely related
species can differ in their sensitivity to dsRNA and the specificity
of their responses.
293. Tools for Nematode EvoDevo Studies. Garett Padilla, Sarah
Goetz, and Mary K. Montgomery. Macalester College, St.
Paul, Minnesota 55105.
We are interested in determining to what extent the pathways
that govern blastomere identity and fates in the early embryo have
been conserved between Caenorhabditis elegans and related nema-
tode species, including the closely related C. briggsae and more
distantly related Acrebeloides nanus (formerly Cephalobus sp.). To
aid in analyzing mutant phenotypes generated through RNAi or
laser ablations, we have tested a wide variety of C. elegans cell- and
tissue-specific markers for cross-reactivity in C. briggsae and A.
anus. Antibodies that recognize the same cell types in the related
ematodes include markers for gut, pharynx, muscle, and the
ermline. In addition, commercially available tubulin antibodies
nd rhodamine–phalloidin have been used to stain mitotic spindles
nd actin filaments, respectively, in all three nematode species. We
ave analyzed several RNAi-generated phenotypes in C. briggsae
sing these markers and time-lapse microscopy. A. nanus appears
less amenable to dsRNA injections and thus we are currently
testing other means of dsRNA introduction, such as feeding and
soaking. We are also testing the use of morpholinos to generate
reduction-of-function mutants in this species.
294. Deep Homologies among Members of the Hox11 Gene Fam-
ily. C. C. Coutinho, R. N. Fonseca, and R. Borojevic. Histo-
logia and Embriologia, UFRJ, Brazil.
The Hox11 gene family potentially codifies the evolutionary
conserved regulatory factors involved with multicellular inte-
gration in Porifera and Metazoa. We are now looking for deep
homologies at the level of Hox11 gene regulation. One kilobase
upstream of the transcription initiation site of human Hox11,
mouse Hox11 and Porifera Hox11 (EmH-3, Ephydatia muelleri,
and prox2, Ephydatia fluviatilis) were aligned (Clustal). We
found six putative elements (Transfactor) present in the same
position in all the sequences (AP, IK2, CAAT, USF-Q6
LMO2COM, and CEBPB). To test whether these elements play
conserved functions among Porifera and Mammalia, seven frag-
ments with different 59 upstream regions of the EmH-3 pro-
moter, ranging from 2173 to 2538, were fused to the reporter
gene Luciferase (Promega); their activity was tested in cell
extracts of transiently transfected mammalian cell lineages. The
K562, but not 3T3 and HL-60, lineages express endogenous
Hox11. The functional test on promoters wase also performed on
differentiated K562 (sodium-butyrate) and HL-60 (retinoic acid).
The profile of activity of the EmH-3 promoter was independent
of the endogenous expression of Hox11 gene, but dependent of
the differentiation stage of the cell lineage. The activation of the
fragment 2231 (containing the IK element) and the inhibition
capacity of the fragment 2279 (containing the USF element)
were more pronounced in less differentiated cell lineages, indi-
cating a downregulation of IK and USF in differentiated cells.
These results also suggest the presence of positive regulatory
regions close to the transcription start site of the Hox11 gene (IK
and CAAT). (Supported by FAPERJ/FUJB.)
s of reproduction in any form reserved.
l
o
c
i
m
e
e
a
e
e
c
a
2
b
p
m
a
m
u
u
l
i
t
o
e
p
G
s
a
‘
c
s
s
O
e
d
(
s
i
2
2
2
a
p
i
H
t
a
e
g
t
t
u
l
e
a
s
t
s
e
n
a
235SDB Meeting Abstracts295. The Expression of Centipede Hox Genes and the Evolution of
the Arthropod Body Plan. C. L. Hughes and T. C. Kaufman.
HHMI, Indiana University, Bloomington, Indiana.
Because the Hox genes are such important developmental regu-
ators, comparison of their expression and function in different
rganisms can give us insight into the mechanisms of body plan
hange in evolution. Although Hox patterns had been mapped out
n the chelicerates, crustaceans, and insects, the Hox patterns of
yriapods (millipedes and centipedes) had not previously been
xplored in detail, leaving a gap in our understanding of Hox gene
volution in the arthropods. By cloning portions of the Hox genes
nd performing in situ hybridization, I have established the expres-
sion patterns of Hox genes in a Lithobiid centipede. Although there
may be important and interesting differences in Hox expression
between millipedes and centipedes, for now we can use the
centipede as a representative of the Myriapoda. The Hox patterns of
the four arthropod classes can now be used to infer a likely
sequence of changes in Hox expression during the evolution of
arthropods. The centipede expression patterns provide insight into
changes in the roles of the Hox genes. For instance, there was a
dramatic restriction in the expression of some anterior Hox in the
insects and crustaceans compared to chelicerates, and the centi-
pede Hox appear to represent a partial restriction of expression. In
addition, the centipede patterns give insight into the evolution of
genes like fushi tarazu, which changed their role during arthropod
volution. Knowing the Hox expression domains, we now hope to
xplore the roles of these genes functionally, to understand how
hanges in Hox genes may have facilitated the evolution of the
rthropod body plan.
96. Evolution of the Gnathostome Body Plan. M. J. Cohn. Uni-
versity of Reading, Whiteknights, Reading RG6 6AJ, United
Kingdom.
The radiation of gnathostome (jawed) vertebrates was facilitated
y a number of developmental innovations, including evolution of
aired appendages and hinged jaws. Although progress has been
ade in understanding the patterns of early vertebrate evolution
nd the developmental biology of the skeleton, the developmental
echanisms responsible for these evolutionary innovations remain
nknown. Comparisons of phylogenetically appropriate taxa can
ncover relationships between molecular and morphological evo-
ution. Lampreys are jawless fish (agnathans) which occupy an
mportant phylogenetic position as the sister group to gnathos-
omes. Lampreys retain key primitive conditions, such as absence
f jaws and paired fins, and therefore provide an opportunity to
xplore the evolutionary origin of their development. Hox genes
lay a crucial role in determining regional identity of the skeleton.
nathostome jaws, however, develop in the absence of Hox expres-
ion. Indeed, ectopic expression of Hox genes in the mandibular
rch inhibits jaw development, indicating that the Hox-free or
default’ state of this arch is required for formation of a mandibular
artilage. In lampreys, the mandibular arch lacks a cartilagenous
keleton. Analysis of Hox gene expression in lamprey embryos
hows that Hox expression extends into the mandibular arch.
utgroup comparisons suggest that the lamprey pattern of Hox
xpression may represent the primitive vertebrate pattern. The
ata support the hypothesis that the jaw is a neomorphic structure
rather than a modified gill bar) and suggest that evolution of a jaw
keleton may have been facilitated by repression of Hox expression
n the first arch.
Copyright © 2001 by Academic Press. All right97. Abstract #297 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
98. Abstract #298 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
99. The Role of Hoxc8 Early Enhancer in Mouse Development.
Hsin Juan and Frank Ruddle. Yale University, New Haven,
Connecticut 06520.
Hox genes specify positional identities along the anteroposterior
xis during mammalian embryonic development. Although the
ossible functions of the majority of the Hox genes have been
dentified, little is known about the regulatory mechanisms of the
ox genes. In the Ruddle lab, we are interested in studying the
ranscriptional regulatory cascade of Hoxc8. Our lab has identified
200-bp highly conserved cis-regulatory region, termed Hoxc8
arly enhancer, that affects the early phase of Hoxc8 expression. To
ain insight into the developmental and evolutionary attributes of
his early enhancer on the endogenous gene level, we eliminated
his early enhancer in the mouse genome by knockout technology
sing the cre/loxp recombination system. We generated two ES cell
ines; one with the HSVtkneo cassette which replaced the endog-
nous Hoxc8 early enhancer (Hoxc8EEneo1) and one without the
HSVtkneo cassette and has a complete deletion of early enhancer
(Hoxc8EEneo2). Hoxc8EEneo1 homozygous mutant mice exhibit
n abnormal clasping reflex of the fore- and the hindlimbs upon tail
uspension. This neurological impairment phenotype assembles
he abnormal clasping reflex observed in Hoxb8 mutant mice,
uggesting that Hoxc8 may interact with Hoxb8 and affect its
xpression. It is also possible that the HSVtkneo cassette has a
egative effect on one or more Hoxc8 neighboring genes. Further
nalysis of Hoxc8EEneo1 and Hoxc8EEneo2 mutant embryos for
Hoxc8/6/9 and Hoxb8 expression patterns and anatomical changes
are in progress. Furthermore, to examine the relationship between
cis-regulation of Hox genes and diversification of axial morphology
from evolutionary point of view, we will replace the endogenous
Hoxc8 early enhancer by its baleen whale counterpart to reveal
how the minor variations in cis-regulatory regions will affect body
plan. Through these studies, the regulatory mechanisms of Hox
genes and how they affect mammalian development can be further
explored.
300. The Role of NOS in Ascidian Development. A. P. Jackson and
B. J. Swalla. University of Washington, Seattle, Washington
98195.
NOS has been shown to be an important factor in controlling
and cell growth and proliferation in a wide range of organisms. In
Drosophila melanogaster research indicates that NOS coordinates
the development of imaginal disks in the larvae, which become
specific structures in the adult. NOS has been shown to be an
important factor in neurogenesis, interacting with steroid hor-
mones in Manduca sexta to regulate and coordinate proliferation in
the brain outer proliferation zone. In the marine snail Limnea
stagnalis as well as the sea urchin, NOS activity appears to inhibit
metamorphosis of larvae. In the ascidian Boltenia villosa, investi-
gations utilizing immunochemical and histochemical by Bishop
and Brandhorst (JEZ, in press) have shown that NOS activity in the
tails of larvae inhibits metamorphosis. We extend these experi-
s of reproduction in any form reserved.
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236 Developmental Biology Volume 235, 2001ments to determine whether NO signaling is suppressing the
expression of downstream genes involved in promoting metamor-
phosis. We are also cloning and characterizing the expression of
NOS during embryonic development and metamorphosis in a
variety of ascidian species. This information may yield valuable
information about the mechanisms controlling development and
metamorphosis in ascidians.
301. Novel Early Development of the Indirect Developing Sea
Urchin Echinometra esculenta (Euchinoidea, Echinometri-
dae). J. B. Morrill. New College of USF, Sarasota, Florida
34243.
In the early cleavage period blastomeres remain compacted
uring cell divisions. A small cleavage cavity first appears after
eventh cleavage and becomes the blastocoel, initially 10 mm in
iameter that enlarges to 50 mm at the end of PMC ingression.
MC imgression begins with one PMC migrating into the blasto-
oel before the hatched blastula stage. Over 8 h ingressing PMCs
ll the enlarging blastocoel as the columnar epithelial cells
horten. Subsequently primary invagination of the archenteron is
nitiated by ingression of SMCs into the small blastocoel. With the
ormation of the archenteron, PMC aggregation centers and PMC
yncytium the blastocoel continues to enlarge via further contrac-
ions of epithelial cells. These developmental patterns are siminar
o those of Anthocidaris but not Heliocidaris in the Echinometri-
ae family nor most other indirect developing sea urchins in other
uchinoid families.
02. A Gap Gene Ortholog in Polychaetes. Rob Savage, Andrew
Werbrock, Duncan Meiklejohn, Ariana Sainz, and Janet
Iwasa. Williams College, Williamstown, Massachusetts
01267.
We have characterized the expression patterns of a segmentation
ene ortholog in the basal polychaete Capitella capitata using a
anannelid cross-species antibody to the hunchback-like gene
roduct. In flies, the gap segmentation gene hunchback (hb) en-
codes a zinc-finger transcription factor that plays a pivotal role in
patterning the anterior region of the fly body plan. The hb ortho-
logue in Capitella (Cc-hb) is expressed maternally and in all
micromere and macromere cells throughout cleavage. At gastrula-
tion, nuclear Cc-hb protein is expressed in the micromere-derived
surface epithelium that undergoes epiboly and in the large vegetal
blastomeres that gradually become internalized. During organo-
gensis, Cc-hb is expressed in the developing gut epithelium, the
prostomial and pygidial epithelium, and in a subset of differenti-
ated neurons in the adult central nervous system. Cc-hb is not
expressed in the segmental precursor cells in the trunk. The Cc-hb
expression domains in Capitella are similar to those reported for
the leech hb orthologue (LZF2), and many of the observed differ-
ences between the annelid classes correlate with changes in life
history. The lack of detectable annelid hb protein in the trunk at
the time of AP pattern formation in leech and in polychaete
suggests that the anterior organizing function of hb in flies origi-
nated in the arthropod or insect lineage. (This work is supported by
NIH (HD-57778) and NSF (IBN-0090378) to R.S.)
303. Mechanisms of Segment Formation in Polychaete Annelids.
Elaine C. Seaver,* Dave A. Paulson,* Steve Q. Irvine,† Susan
D. Hill,‡ and Mark Q. Martindale.* *University of Hawaii, r
Copyright © 2001 by Academic Press. All rightHonolulu, Hawaii 96813; †Yale University; and ‡Michigan
State University.
The number of times a segmented body plan has evolved in the
metazoa is a hotly debated issue. We are interested in understand-
ing whether the annelids and arthropods share a common seg-
mented ancestor and are taking a multipronged approach toward
understanding how segment formation occurs in several
polychaete species. We have investigated the nature of the growth
zone by characterizing cell division patterns and dynamics of cell
movements during embryonic and larval stages. Our labeling
experiments challenge traditional views of the nature of the growth
zone. In addition, we have have isolated a member of the engrailed
(en) class of genes from the polychaete Chaetopterus and have
characterized its expression pattern. Whole mount in situ hybrid-
ization reveals that en is expressed in complex dynamic pattern
during larval life, when the adult body plan is formed. The en
transcript is expressed in all body regions of Chaetopterus and is
localized to mesodermal tissues and small sets of segmentally
reiterated cells in the nervous system. Although expression pre-
cedes morphological segmentation in some body regions, en does
not exhibit a segment polarity pattern of expression in the ecto-
derm as observed in arthropods. Our results of the expression of en
in Chaetopterus do not strongly support the homology of segmen-
tation between annelids and arthropods.
304. A Hedgehog Homolog Regulates Gut Formation in Leech
(Helobdella). D. Kang*,†, F. Z. Huang,* D. Li,‡ M. Shankand,‡
W. Gaffield,§ and D. A. Weisblat.* *Department of Molecular
and Cell Biology, 385 LSA, University of California, Berkeley,
California 94720-3200; †Department of Biological Sciences,
Stanford University, Stanford, California 94305-5020; ‡De-
partment of Zoology and Institute of Cellular and Molecular
Biology, University of Texas, Austin, Texas 78712; and
§Western Regional Research Center, ARS, USDA, Albany,
California 94710.
The gene hedgehog (hh) was initially identified in Drosophila as
ffecting segment polarity. Since then, hh-class genes have been
ound in other species, all within only two of the three great clades
f bilaterians, viz. ecdysozoans and deuterostomes, in which hh-
lass genes have been shown to be involved in patterning neural
ube, limb, and gut. Here, we characterize the expression of Hro-hh,
rom the leech Helobdella robusta and the first hh-class gene
dentified among the third great bilaterian clade, the lophotrocho-
oans. We show that Hro-hh regulates foregut (proboscis) and
idgut formation, and we have identified the micromeres that
ontribute the cells expressing Hro-hh in the nascent proboscis.
ur data suggest that the role of hh-class genes in gut formation is
onserved across the bilaterians. (This work was supported by
SF.)
05. Supercompact Genome in the Protochordate Oikopleura di-
oica. H. C. Seo, R. E. Edvardsen, M. F. Jensen, E. Spriet, E. M.
Thompson, and D. Chourrout. Sars International Centre for
Molecular Marine Biology, N-5020 Bergen, Norway.
Oikopleura dioica is a protochordate with a remarkably short
eneration time (5 days) that can be bred in the laboratory. Due to
igh fecundity and transparency, Oikopleura has considerable
otential for genetics and embryology. We have examined the
verall genome organization in Oikopleura. Flow cytometry has
evealed the smallest genome known in the chordate phylum (70
s of reproduction in any form reserved.
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237SDB Meeting AbstractsMb). We have cloned and annotated 400 small and 5 larger genomic
fragments, including a 145-kb-long BAC insert. A combination of
BLAST search and gene finding programs has revealed a very high
gene density (1 gene per 4 kb), which correlates with the presence
of very short intergenic sequences and introns. Intron positions
indicate major rearrangements of gene structures during the diver-
gence between vertebrates and Oikopleura and also during the late
iversification of tunicates. The distribution of predicted genes
ppears rather uniform and most gene predictions have been
onfirmed by cloning and sequencing of corresponding cDNAs.
ikopleura is therefore a very attractive model organism for
enome-based developmental studies.
06. Proliferation Is Linked to Larval Caste Fate in the Polyem-
bryonic Wasp Copidosoma floridanum. L. S. Corley and M. R.
Strand. University of Wisconsin–Madison, Madison, Wiscon-
sin 53706.
Striking morphological differentiation among individuals struc-
ures the complex societies found in insects such as termites, bees,
nd ants. Castes have also evolved in other insects such as aphids,
hrips, and polyembryonic wasps. Copidosoma floridanum is a
olyembryonic parasitoid wasp that produces two castes during
evelopment from a single egg. Polyembryonic development pro-
eeds by a process of cellular proliferation resulting in a single
rood containing approximately 950 reproductive larvae that de-
elop into adult wasps and 50 precocious larvae that function as
oldiers. We examined how the single egg proliferates and responds
o environmental factors to produce two castes in C. floridanum.
e conducted transplantation experiments of wasp morulae from
ll developmental stages into hosts from all larval stages. Our
esults indicate that the earliest stages of wasp morulae have the
ighest proliferative capacity and produce both larval castes. The
lder wasp morulae produced significantly fewer larvae and could
roduce one caste or the other, but not both. Host environmental
ffects (i.e., hormonal titers, nutritional state) did not significantly
hange the proliferative capacity or caste fate of the morulae. Thus,
mbryonic cellular proliferation is intrinsically regulated and is
inked to totipotency in C. floridanum.
07. Targeted Disruption of Dmrt2, a Putative Transcription Fac-
tor, Results in Abnormal Rib Patterning and Perinatal Death.
Kwang-won Seo, Byong Su Kim, Hiroki Kokubo, and Randy L.
Johnson. Department of Biochemistry and Molecular Biology,
UT M. D. Anderson Cancer Center, Houston, Texas 77030.
Drosophila dsx and Caenorhabditis elegans MAB-3-related tran-
cription factors are called Dmrt genes in mammals. Dmrt1 was
eported to have an essential function in testis development of
ouse. Another Dmrt gene, Dmrt2 (called terra in zebrafish), was
eported. The study showed that terra was expressed in early
mbryo stages and somites. Overexpression of terra caused in-
reased level of apoptosis in zebrafish embryos. Overexpression
tudy could not, however, fully address its function during the
ertebrate development. Therefore, we performed loss of function
tudy in mouse. We found homozygotes of Dmrt2 die soon after
irth. From histopathological observation, it was found that the
lveoli of homozygotes contain less or no air and their ribs showed
bnormal patterning. Otherwise, most skeletal muscles were simi-
ar to those of normals. The vertebrae of homozygotes also showed
alformations. Now, we are speculating the cause of developmen-
al defects in homozygotes. Additionally, the testis of homozygotes
howed very reduced number of germ cells in their seminiferrous
Copyright © 2001 by Academic Press. All rightubules at E18.5. Currently, we are also investigating the function
f Dmrt2 during the development of testis and other organs.
308. Dpp Expression during Biphasic Development of the Legs in
Manduca sexta. Kohtaro Tanaka and James W Truman.
Department of Zoology, University of Washington, Seattle,
Washington 98195.
The tobacco hornworm Manduca sexta, like most other insects
with complete metamorphosis, makes two versions of thoracic
legs. The relatively simple thoracic legs of the larva are formed
during embryogenesis. All the epidermal cells of these legs make
leg cuticle during subsequent larval molts. In the last larval stage,
however, the adult leg primordium, a subset of these epidermal
cells occupying a dorsal longitudinal strip and rings around the
distal femur and tibia, detaches from the leg cuticle, and begins
rapid proliferation. Eventually, during metamorphosis, the larval
legs transform into the more complex adult legs with a radically
different morphology. We are interested in determining whether
the leg patterning mechanisms known in other insects are con-
served in the biphasic development of the Manduca leg. Recent
studies comparing molecular patterning of legs in crickets and
grasshoppers showed that decapentaplegic (dpp) expression in the
leg, in contrast to other patterning genes, changes dynamically
through embryogenesis as the leg goes through various develop-
mental stages. The dpp expression also temporarily mimics the
placement of the imaginal primordia in the larval legs of Manduca.
To investigate the relationship of dpp to the imaginal leg primor-
dium and if dpp expression changes postembryonically during the
larval–adult leg transformation, we have cloned a fragment of dpp
from Manduca. We are currently characterizing its expression
pattern in larval leg formation during embryogensis and during
adult leg formation at metamorphosis. (Supported by a grant from
NSF.)
309. When Is an Eyespot Not an Eyespot? J. M. Marcus. Depart-
ment of Biology, Duke University, Durham, North Carolina
27708.
Eyespots or border oscelli are found on the wings of many species
of Lepidoptera and are usually located near the wing margin.
However, some species in the family Saturniidae have color pat-
terns which resemble eyespots, but which are found in a more
proximal location on the wing in association with crossveins. This
position is typical of another color pattern element known as the
discal spot. Species in this family vary consider in the morphology
of the discal spot with some species showing the typical (and
ancestral) character state of a line of pigmentation which follows
the crossvein, while other species have varying degrees of diver-
gence from this pattern. I use molecular markers known to be
involved in eyespot development, discal spot development, and
crossvein development to better understand the development of
these pigmentation patterns and how this diversity of pigmenta-
tion patterns has evolved.
310. Abstract #310 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
311. A Novel Mutation Screen in Zebrafish Using Temperature-
Mediated Heteroduplex Analysis (TMHA) Can Detect Single
Base Changes in ENU-Mutated Chromosomes. J. J. Wil-
s of reproduction in any form reserved.
238 Developmental Biology Volume 235, 2001loughby, B. W. Draper, and J. H. Postlethwait. Department of
Neuroscience, University of Oregon, Eugene, Oregon 97403.
Mutations are particularly valuable tools for assaying the roles of
genes in development. Forward mutagenesis screens can identify
novel genes in specific processes, but the opposing approach, to
remove the activity of previously cloned genes to determine their
functions, is also desirable. The utility of this approach is well
illustrated by the tremendous success of knockout technology in
the investigation of mouse development. Because there has been no
way to make similar targeted gene replacement in the zebrafish, we
are investigating a new screening method that will allow us to
identify small mutations, including single base mutations, in genes
of interest. This method is much more sensitive than SSCP at
detecting base changes, and with it we can potentially pick up
hypomorphic as well as null phenotypes. The method utilizes a
reverse-phase high-performance liquid chromatography system
with a specialized hydrophobic DNA binding column which can
bind single- or double-stranded DNA. PCR products amplified from
exonic parts of genes of interest are loaded onto the column and
held at a temperature at which they are partially denatured. A
gradient of acetonitrile is then used to elute the DNA from the
column, and UV absorption is used to detect the eluted DNA.
Because the column has a much higher affinity for double-stranded
DNA than for single-stranded DNA, it interacts more strongly with
those DNA duplexes which remain mostly helical at partially
denaturing temperatures. Heteroduplex PCR products that contain
even a single base mutation have a surrounding region which tends
to be more unwound compared to similar homoduplex products.
These unwound regions are ‘seen’ by the column as single stranded
and the heteroduplexes are therefore eluted earlier than wild-type
products. Thus while homozygous (homoduplex only) PCR prod-
ucts appear as a single peak on the trace, mixtures of wild-type and
mutant DNAs can be identified because the sample elutes as more
than one peak. As a test run we have been able to locate the single
base changes responsible for two novel weak ntl mutants by
analyzing PCR products from three exons of the ntl gene from these
fish on the system. We are currently undertaking a pilot screen for
new mutations, targeted at genes duplicated in the zebrafish
lineage relative to mammals. We are applying this method to a
screen of males heterozygous for ENU-mutagenized chromosomes
by isolating DNA from fin clips and using it as template for PCRs
which we then subject to the TMHA analysis. Out of almost 300
mutagenized genomes screened so far for mutations in 20 genes, we
have isolated three unique elution profiles that may be mutations.
One makes a conserved amino acid change in what is likely to be
a nonessential region of a transcription factor, while the other two
are currently being investigated. This screening protocol promises
to complement other methods of obtaining mutant fish currently
available (for example, standard ENU mutagenesis screens and
insertional mutagenesis screens) because it does not presuppose the
phenotype of mutations, and subtle effects that might not be
noticed in a phenotype-driven screen can be identified. This screen
will help to generate unique mutants that will aid our understand-
ing of zebrafish development and of the division of function
between duplicated genes.
312. p63, a Homologue of Tumor Suppressor p53, Marks the
Epithelial Stem Cell Identity in Zebrafish. Hyunsook Lee,*
Frank McKeon,† and David Kimelman.* *Department of
Biochemistry, University of Washington, Box 357350, Seattle,
Copyright © 2001 by Academic Press. All rightWashington 98195-7350; and †Department of Cell Biology,
Harvard Medical School, Boston, Massachusetts 02115.
p63, a recently identified relative of the p53 tumor suppressor
gene, is highly expressed in the basal, progenitor cells of epithelial
origin. p63-null mice show major defects in limb morphogenesis,
craniofacial malformations, and. most remarkably, a complete
absence of all squamous epithelia (Yang et al., 1999). p63 encodes
two different classes of proteins with apparently contradictory
abilities in gene regulation: one is able to transactivate genes and
cause apoptosis (TAp63), whereas the other lacks the acidic trans-
activation domain and appears to be a dominant inhibitor of
p63-mediated gene expression (DNp63) (Yang et al., 1998). Despite
the important finding from the p63 knockout mice that p63 is
required for almost all epithelial differentiation, little is known
about how different p63 isotypes are regulated in the development
of the epithelial tissues. Zebrafish embryos provide several advan-
tages including the fact that one can follow the embryogenesis due
to their transparency and their short developmental timing com-
pared to mammals. To study the role of p63 during zebrafish
embryogenesis, zebrafish p63 cDNAs were isolated. Sequence
analysis and comparison with the mammalian p63 showed over
85% homology, suggesting a conserved function in evolution. p63
was expressed from 22 to 23 h postfertilization as assayed by
RT-PCR and immunohistochemistry. Previous data show that the
major species expressed in human foreskin and cervical keratino-
cytes is the isoform of DNp63 (Yang et al., 1998). Therefore, we
reasoned that the developmental phenotype might be driven by an
isoform of DNp63. Specific knockdown of DNp63 gene expression
by injecting morpholino oligos showed that DNp63 is essential in
the developing pectoral fins, which are equivalent to the forelimbs
of tetrapods, and fin fold formation. Proliferation assays showed
that DNp63 morpholino-injected embryos lack proliferating cells
in the epidermis, suggesting the role of DNp63 is to maintain the
proliferating stem cells or the transiently amplifying cells in the
epithelia. Our data show that DNp63 is essential to keep subset of
epithelial cells in a proliferation state.
313. Variation in the Mechanisms Driving Gastrulation in Urode-
les and Anurans. D. R. Shook and R. Keller. Department of
Biology, University of Virginia, Charlottesville, Virginia
22904.
Anurans and Urodeles use highly divergent mechanisms to close
their blastopores during gastrulation. This divergence is due to
variation between the two in the amount of prospective mesoderm
that originates in the superficial layer of the embryo. Amphibian
gastrulation results in the internalization of roughly the lower 50%
of the embryo through the blastopore as a consequence of blas-
topore closure over the vegetal pole, a morphogenetic process
requiring a mechanical force. We argue that the primary mechani-
cal force driving blastopore closure in urodeles is the progressive
apical contraction of the superficial prospective mesodermal cells
as they involute around the blastopore and their subsequent
ingression into the deep layer. This is in contrast to anurans, where
blastopore closure is thought to primarily be driven by progressive
hoops of constriction produced by active mediolateral intercalation
behavior in the dorsal axial tissues (Keller et al., 1992, Dev. Suppl.
81–91). Anurans may use apical contraction as well, as the bottle
cells form around the blastopore during early gastrulation, but
urodeles use it to a far greater extent, as most of their nonnoto-
chordal superficial prospective mesodermal tissues show apical
contraction in conjunction with involution and ingression, rather
s of reproduction in any form reserved.
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239SDB Meeting Abstractsthan just the narrow ring of suprablastoporal endodermal cells just
above the blastopore in anurans. Both classes of amphibians show
subsequent convergence and extension of the involuted axial
tissues, further driving the dorsal blastoporal lip ventrally. Analysis
of time-lapse movies of explants and intact embryos are presented
in support of these arguments.
314. Evidence for the Coevolution of Neural Crest and Cranial
Placodes. S. C. Smith and A. C. Graveson.
Axolotl (Ambystoma mexicanum) embryos homozygous for
remature death (p) develop normally until 2 days postheartbeat
stage 37). Development then arrests; abnormalities appear, and
eath follows within 1 week. The p gene has been shown to affect
he differentiation of a subset of neural crest (NC) cells, as well as
he development of the lateral line system, a primitive placodal
erivative. In this study, we have used homotopic, homochronic
eciprocal transplantations of placode-forming ectoderm to inves-
igate the development of other placodal derivatives. The morphol-
gy of lens, otic, and olfactory organs was always abnormal when
lacodal ectoderm was derived from mutant embryos, whereas
ormal sense organs developed from wild-type tissue, even in
utant hosts. Since the transplants were performed prior to the
nset of neural crest cell migration in the axolotl, the observed
orphologies must be due to a direct effect of the p gene on
lacode-forming ectoderm. NC and cranial placodes are both ver-
ebrate synapomorphies. Our evidence that a single gene affects the
evelopment of all sensory placodes, as well as cranial NC,
upports the hypothesis that these tissues may have evolved from
common precursor.
15. On the Role of Sox9 in Cartilage Formation. B. F. Eames,*
P. T. Sharpe,† and J. A. Helms.* *UCSF Orthopaedic Surgery,
San Francisco, California; and †Craniofacial Development,
Guy’s Hospital, London, United Kingdom.
The HMG-domain transcription factor Sox9 is required for
cartilage formation. Infecting embryonic chick limb buds with a
retrovirus overexpressing sox9 (RCAS2 sox9) produces ectopic
cartilages, indicating that in lateral plate mesoderm sox9 expres-
sion is sufficient for chondrogenesis. The goal of our study is to
determine whether Sox9 is sufficient for chondrogenesis in tissues
derived from the cranial neural crest (CNC). Many skeletal ele-
ments in the vertebrate head and neck are derived from the CNC.
RCAS2 sox9 was injected into the neural tube near the mid-/
hindbrain junction of Hamburger and Hamilton stages 8–10 chick
embryos in order to infect CNC cells prior to their migration into
the craniofacial primordia. We report two main findings. First, by
day 7 (d7), all infected embryos contain ectopic cartilages, which
are distributed throughout the craniofacial regions derived from
CNC. Whereas most endogenous cartilage elements are replaced by
bone, none of the ectopic cartilages show evidence of ossification,
and most are resorbed by d12. Therefore, while endogenous and
ectopic cartilage elements are histologically indistinguishable,
their ultimate fates appear to be distinct. The expression of
cartilage markers such as collagen type 2, core binding factor 1, and
matrix metalloproteinase 13 reveals the underlying molecular
differences between the endogenous and ectopic cartilages. Second,
widespread infection of the CNC with RCAS2 sox9 delays chon-
drogenesis in, but generally does not affect the final shape or size of,
endogenous cartilages and bones. Early markers of cartilage forma-
tion, including NCAM and PNA lectin, reveal if this delay in
Copyright © 2001 by Academic Press. All rightchondrogenesis occurs at the time of condensation. Based on these
results, we propose that Sox9 is required, but not sufficient for, the
formation of persistent cartilage from the CNC, and is likely
playing an early role in this process.
316. Gene Expression in the Oral and Pharyngeal Dentition of Two
Species of Teleost Fishes. D. W. Stock and K. M. Weiss.
University of Colorado, Boulder, Colorado 80309; and Penn-
sylvania State University, University Park, Pennsylvania
16802.
Two common trends in the evolution of the vertebrate dentition
are reduction in the number of locations bearing teeth and diver-
gence in shape among the teeth that remain. To identify develop-
mental genetic mechanisms responsible for such evolutionary
changes, we are examining tooth development in two species of
teleost fishes that differ in dental pattern, the zebrafish (Danio
rerio) and the Mexican tetra (Astyanax mexicanus). D. rerio has
teeth restricted to the posteroventral region of the pharyngeal
cavity, while A. mexicanus possesses teeth at the margins of the
oral cavity in addition to dorsal and ventral pharyngeal teeth.
Furthermore, in the latter species, oral teeth are multicuspid, while
pharyngeal teeth are unicuspid. We have examined the expression
of members of the Barx, Bmp, Dlx, Fgf, Hh, Lhx, Pax, and Pitx gene
families during the development of the oral and pharyngeal regions
of both species. These genes are orthologous to ones that have been
shown to be involved in initiation and early morphogenesis of
teeth, as well as specification of tooth type, in mammals. The data
suggest that the earliest stage of tooth initiation (signaling from the
presumptive dental epithelium to the underlying mesenchyme)
occurs in the zebrafish oral region and that tooth development
arrests at a subsequent stage corresponding to the earliest morpho-
logical appearance of tooth germs in mammals. In addition, the oral
and pharyngeal teeth of A. mexicanus express a highly similar
repertory of genes during their development.
317. Subfunctionalization of duplicate mitf Genes in Zebrafish.
James A. Lister,* Jennie Close,*,† and David W. Raible.*,†
*Department of Biological Structure and †Program in Neuro-
biology and Behavior, University of Washington, Seattle,
Washington 98195.
The basic helix–loop–helix/leucine zipper transcription factor
Mitf is known to be important for development of retinal and
neural crest melanocytes in a diverse array of vertebrates. Null
mutations in the zebrafish mitf gene nacre/mitfa affect only neural
crest melanocytes, suggesting the presence of a second mitf gene
unctioning redundantly with mitfa in the zebrafish retinal pig-
ent epithelium (RPE). Here we describe a second zebrafish mitf
ene, mitfb, which may fulfill this role. The proteins encoded by
the two zebrafish mitf genes appear homologous to distinct iso-
forms generated by alternately spliced mRNAs of the single mam-
malian Mitf gene, suggestive of specialization of the two zebrafish
enes following a duplication event. Consistent with this hypoth-
sis, expression of mitfa and mitfb is partially overlapping. Mitfb is
not expressed in neural crest melanoblasts but is coexpressed with
mitfa in the RPE at an appropriate time to compensate for loss of
mitfa function in the nacre mutant. Additionally, mitfb is ex-
pressed in the epiphysis and olfactory bulb where mitfa is not.
mitfb, but not a zebrafish ortholog of the closely related gene tfe3,
can rescue neural crest melanophore development in nacre/mitfa
mutant embryos when expressed via the mitfa promoter. These
data suggest that mitfa and mitfb together may recapitulate the
s of reproduction in any form reserved.
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with the duplication/degeneration/complementation (DDC) model
proposed by Force et al. (Genetics 151, 1531) as a mechanism to
explain the retention of gene duplicates.
318. Sonic Hedgehog Controls the Eyeless Phenotype in Cavefish.
Y. Yamamoto,* D. W. Stock,† and W. R. Jeffery.* *Depart-
ment of Biology, University of Maryland, College Park, Mary-
land 20742; and †Department of EPO Biology, University of
Colorado, Boulder, Colorado 80309.
We study the evolution of eye development in eyed surface and
eyeless cave forms of the teleost Astyanax mexicanus. Cavefish
embryos form a small eye, which later undergoes lens apoptosis
and degenerates. The surface fish lens can restore eye formation
after transplantation into the cavefish optic cup. Midline signaling
by sonic hedgehog (Shh) controls eye size and position by inducing
Pax2 and suppressing Pax6 expression. In cavefish embryos, Shh
expression is expanded laterally from the anterior midline, Pax2
expression is increased, and Pax6 expression reduced in the optic
primordia. To test the hypothesis that Shh controls cavefish eye
degeneration, Shh mRNA was injected into surface fish embryos at
the two- to four-cell stage. Early during somitogenesis, Pax6
expression was reduced and Pax2 expression was expanded in the
eye primordia. Subsequently, the lens underwent apoptosis and the
eye degenerated in Shh-injected surface fish. These results show
that the cavefish eye degeneration is phenocopied by enhanced Shh
expression. The cavefish eyeless phenotype appears to be the
opposite of cyclopia, in which anterior midline signaling via Shh is
suppressed. (Supported by NSF grant DEB 9726561.)
319. The Importance of Lens Differentiation in Directing Eye
Development of the Teleost Astyanax mexicanus. Allen G.
Strickler and William R. Jeffery. Department of Biology,
University of Maryland, College Park, Maryland.
We are investigating how changes in lens development affect the
final adult eye phenotype of the teleost Astyanax mexicanus. This
species consists of two forms: an eyed surface-dwelling form
(surface fish) and an eyeless cave-dwelling form (cavefish). Cavefish
embryos initiate eye formation, but the embryonic eye degenerates.
Lens cell differentiation starts at about 24 h postfertilization in
surface fish, as indicated by the expression of several marker genes
and morphological accumulation of crystalline lens fiber cells. The
cavefish lens does not produce fiber cells, although it does ex-
presses mRNAs of all the eye genes studied thus far. In contrast to
the surface fish lens, the cavefish lens begins to undergo pro-
grammed cell death (PCD). We were interested in determining if all
the cavefish lens cells are cleared away by PCD or if some persist.
To study this, we checked for the presence of PCNA in the
developing lenses of both forms of Astyanax. In addition, we
performed a pulse-chase experiment using BRDU as a marker for
cell proliferation. In all instances, both PCNA and BRDU were
found in the developing cavefish and surface fish lenses. Thus, in
the cavefish lens, a small population of cells remain in a prolifera-
tive state which seems to resist PCD. Although these cells persist
in development, no crystalline lens cells result. Without a normal
lens, other eye structures do not develop normally. We conclude
that lack of normal lens cell differentiation is an important
developmental change which has contributed to the evolution of
the adult cavefish phenotype.
Copyright © 2001 by Academic Press. All right320. Experimental analysis of the “Branching and Segmentation”
Model of Tetrapod Limb Development. R. D. Dahn and J. F.
Fallon. UW–Madison, Madison, Wisconsin 53706.
Paleontologists, evolutionary theorists, and developmental bi-
ologists have long sought to determine homology among skeletal
elements of tetrapod limbs. Through descriptive studies of com-
parative embryology, a common set of morphogenetic principles
has been proposed to underlie all tetrapod limb skeletogenesis: the
most proximal element (femur/humerus) forms by de novo con-
densation; all distal elements subsequently arise via branching and
segmentation of more proximal elements, with the entire digital
arch anteriorly radiating from the posterior element of the forelimb
(fibula/ulna). We have tested this hypothesis in the developing
chick leg. Partial limb bud ablation and foil barrier implantation
studies revealed that anterior and distal elements develop indepen-
dent of posterior and proximal elements, respectively. Late-stage
application of exogenous Sonic hedgehog (Shh) to the leg buds of
OZD mutants, which have a limb-specific absence of Shh signal-
ing, further demonstrates that the digital arch can be restored in the
congenital absence of the fibula. Our data do not support the
branching/segmentation hypothesis, but rather suggest that Shh
acts in a proximodistal level-specific manner to organize a molecu-
lar prepattern, with all limb elements subsequently and indepen-
dently determined in accordance with this prepattern.
321. Comparative Limb Morphogenesis in Mice and Bats. Chris J.
Cretekos, John J. Rasweiler IV, and Richard R. Behringer.
Department of Molecular Genetics, UTMDACC, Houston,
Texas 77030.
The basis of species-specific morphogenesis has been a topic of
speculation for centuries. More recently, molecular studies have
confirmed that the vertebrate body plan develops by a conserved
mechanism. The finding that a gene from one animal can function-
ally replace the orthologue of another is no longer surprising. How
then does divergent form arise? One idea that fits well with
comparative and molecular data is that divergence arises from
genetic differences in timing, level, and pattern of developmental
gene expression. We are testing this idea using a functional genetic
approach comparing limb development between mouse and Carol-
lia perspicillata, the short-tailed fruit bat. Limb morphogenesis is a
classic comparative biology paradigm and bat limbs are highly
modified relative to mouse. We hypothesize that the divergence in
limb morphology between these species is reflected in meaningful
differences in gene expression. Our first candidate, Prx1, encodes a
paired homeobox protein required in mice for distal limb develop-
ment. An enhancer directing limb expression in a Prx1-specific
pattern has been defined. We have isolated genomic clones of bat
Prx1 from a library we have generated. We will identify the limb
enhancer of the bat Prx1 gene using a lacZ reporter assay in
transgenic mice and replace the mouse limb enhancer with that of
the bat by gene targeting in mouse ES cells. Targeted mice will
express mouse Prx1 under the control of the bat limb enhancer.
Relevant divergence in the bat enhancer should be reflected by
changes in limb morphology. This study represents a novel ap-
proach to assess the function of cis-regulatory sequence divergence
between species.
322. Limb Development in the Short-Tailed Fruit Bat Carollia
perspicillata. S. D. Weatherbee,* C. J. Cretekos,† R. Beh-
ringer,† J. J. Rasweiler IV, and L. A. Niswander.* *Memorial
s of reproduction in any form reserved.
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and †M. D. Anderson Cancer Center, Houston, Texas 77030.
Developmental biology strives to decipher how a single cell
gives rise to a complex, multicellular organism. Most animals
share specific families of genes that regulate major aspects of body
pattern. At the same time, biologists recognize that the ontogenic
path varies from species to species. Thus, dissecting the molecular
genetic mechanisms underlying development in different species
should elucidate common principles of development but may also
shed some light on the evolution of diverse animal forms. Our labs
share an interest in vertebrate limb development and while most of
this research in this field has been limited to the chick and mouse,
we would like to broaden the scope of this work to include bats.
Why study bats? One of the most productive adaptations of the
vertebrate limb has been for flight. Bats are the most successful
mammals, contributing close to one-quarter of all mammalian
species. Unlike bird wings, the lifting surface of bat wings is
composed of a membrane that extends between the forelimb digits
as well as between the limbs and body wall. In addition, bat limbs
demonstrate several other unique characteristics including elon-
gated zeugopod and autopod skeletal elements. We have begun
cloning and characterizing the expression of a number of genes
from Carollia, with particular interest in those known to regulate
limb growth, patterning, or cell death in order to better understand
the unique aspects of bat limb development.
323. Evolution of POU/Homeodomains in Basal Metazoa: Impli-
cations for the Evolution of Sensory Systems and the Pitu-
itary. D. K. Jacobs and R. D. Gates. Biology (OBEE), UCLA,
Los Angeles, California 90095-1606.
We recovered Brain1/Drifter, Brain3/IPOU, and Pit1, from bila-
terians, ctenophores, cnidarians, and sponges. In situ hybridization
of Brain3 documents expression in the eye and statocyst of medu-
soid cnidarians (jellyfish) comparable to the expression of this gene
in the vertebrate eye and ear. Other genes, such as the proneural
gene atonal, function in both eye and ear development supporting
an ancient evolutionary relationship encompassing eye and ear.
Our recovery of Pit1 homologues from ctenophores, cnidarians, and
sponges is still more surprising, as this gene is absent in the fly and
nematode genomes and was thought to be exclusive to the pituitary
(adenohypophyseal) development of vertebrates. We hypothesize
that the pituitary evolved from an antecedent external sensory
structure that expressed Pit1 in its development and functioned to
receive signals coordinating reproduction in marine ancestors of
vertebrates. This structure was coopted for endocrine signaling in
the vertebrate lineage and lost in terrestrial protostome lineages
such as fly and nematode. In chordate development internalization
of an external sensory structure to form the adenohypophysis is
evident, supporting our argument. This information, and gene tree
topology, suggests a set of steps in POU gene evolution: (1) Basal to
the Metazoa, a gene evolved for reception of reproductive signals in
the marine environment. (2) In the most basal Metazoa, Brain3
genes evolved that differentiate sets of cells having additional
sensory functions. (3) Subsequently, genes such as Brain1/Drifter
evolved specific function in nervous, rather than sensory, organi-
zation.
324. Seamonster Development: Comparative Embryology and
Evolution of the Bilateria. E. Edsinger-Gonzales, M. van der
Zee, W. J. A. G. Dictus, and J. A. M. van den Biggelaar.
Copyright © 2001 by Academic Press. All rightSmithsonian Marine Station, Fort Pierce, Florida 34949; and
University of Utrecht, Utrecht, 3584 CH, The Netherlands.
Early body plan patterning genes are surprisingly conserved
across the Bilateria; however, the underlying comparative embry-
ology and development within the clade remains incongruent and
an embryological framework synthesizing the various disparate
developmental systems still does not exist. In many spiral-cleaving
taxa, a embryonic developmental organizer is required for proper
specification of the adult body plan. Using either brefeldin A or
monensin to interfere with the inductive interactions required for
organizer specification, we recently showed that in the gastropod
limpet, Tectura scutum, the spiralian organizer functions to estab-
ish bilaterally symmetric, morphogenetic domains of gastrulation.
ere, we used this technique to survey for the organizer’s existence
nd function in a number of different mollusk and annelid taxa.
ur results in each of the taxa examined are similar to that of T.
cutum, suggesting that the organizer may be an ancestral feature
f Spiralian development in general. Furthermore, the spiralian
rganizer has functional similarities to that of the Nieuwkoop
enter in frogs and to cell cycle 14 in flies, an idea that is explored
ere comparatively by looking at known patterns of cell lineage,
ene expression, and function and also at the experimental embry-
logy for each of the three major bilaterian clades.
25. Further Characterization of Dorsal- and Snail-Class Genes in
the Leech Helobdella robusta. P. Xiao,* D. Kang,† and D. A.
Weisblat.* *Department of Molecular and Cell Biology, 385
LSA, University of California, Berkeley, California 94720-
3200; †Present address: Department of Biological Sciences,
Stanford University, Stanford, California 94305-5020.
In Drosophila, dorsal, snail, and twist genes are key regulators of
orsal–ventral axis specification and mesoderm specification. As
art of an examination of how developmental mechanisms such as
xis specification, cell fate specification, and segmentation have
volved, previous work in our lab (Goldstein et al., 2001) used
ntibodies to conserved fragments of dorsal and snail-class genes
Hro-dl and Hro-sna-1, respectively) from the glossiphoniid leech
elobdella robusta. The patterns found suggest that these genes do
ot function in leech as in Drosophila. To confirm and extend this
ork, we have used 39 and 59 PCR-RACE to clone additional
ragments of Hro-dl and Hro-sna-1 from cDNA libraries, for the
urpose of generating useful probes for in situ hybridization stud-
es. In the course of this work, we have also obtained most of the
equence for a zinc finger gene resembling the Xenopus laevis gene
Zic3, which is known to function in the specification of neural
cells and the Drosophila segmentation gene odd-paired; we desig-
nate this gene Hro-opa. (This work is supported by NSF.)
326. The Evolution of Vertebrate snail Genes. James A. Langeland
and Rod A. Rahimi. Kalamazoo College Department of Biol-
ogy, 1200 Academy Street, Kalamazoo, Michigan 49006.
Gnathostome vertebrates have two or more members of the
snail family of transcription factors that are differentially expressed
in early mesoderm as well as in presumptive neural crest and/or its
derivatives. Given that neural crest is unique to vertebrates and is
considered to be of fundamental importance in their evolution, the
snail family presents a compelling choice with which to investi-
gate vertebrate molecular and developmental evolution. We have
previously cloned and characterized a snail gene from amphioxus,
a cephalochordate widely accepted as the sister group of the
s of reproduction in any form reserved.
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242 Developmental Biology Volume 235, 2001vertebrates. Here, we report the cloning and characterization of a
snail gene from the lamprey Petromyzon marinus, an agnathan
vertebrate that occupies a critical phylogenetic position between
the cephalochordates and the gnathostomes. Our phylogenetic
analysis supports a model wherein the diversification of the snail
gene family is gnathostome specific rather than vertebrate specific.
In addition, our comparative expression analysis supports a model
for a two-step sequence of neural crest enhancer evolution that
occurred prior to the ganthostome-specific gene duplication.
327. Juvenile Hormone Induces a Heterochronic Shift in Cuticle
Formation and Alters Growth during Embryonic Develop-
ment of Orthoptera. Deniz F. Erezyilmaz, Lynn M. Riddiford,
and James W. Truman. University of Washington, Seattle,
Washington 98105.
Metamorphosis requires a dissociation between larval and adult
developmental programs. In insects, the maintenance of the larval
form during postembryonic life requires the presence of juvenile
hormone (JH). A recent hypothesis by Truman and Riddiford
accounts for the evolution of complete metamorphosis from ances-
tors with direct development by a heterochronic advance in the
appearance of JH during embryogenesis. In this scenario, JH sus-
pends adult patterning events while inducing precocious differen-
tiation to create a morphologically unique larval stage. To simulate
this event, we treated embryos of grasshoppers and crickets (Or-
thoptera) with a JH mimic (JHM) prior to their endogenous JH
secretion. Normally these insects deposit three embryonic cuticles
during embryogenesis. JH is detectable only during the formation
of the last of these, the nymphal cuticle. We show that application
of JHM to cricket embryos during formation of the second (pro-
nymphal) cuticle converts this cuticle to a nymphal one. Besides
redirecting the sequence of cuticle formation, treatment with JH
inhibits growth so that earlier treatment results in increasingly
smaller final sizes. However, the overall reduction is not propor-
tionate. For example, segments in the developing limb are increas-
ingly affected distally. We show that this growth defect is due, at
least in part, to a reduction in cell division. We will compare the
growth effects of JH with the expression of different patterning
genes that are involved in the production of the embryonic leg.
(This work is supported by grants from the NSF and NIH-2T32
HD07183-21.)
328. Metamorphosis. C. Bishop*,1 and J. Hodin.†,2 *Simon Fraser
University, Burnaby, British Columbia V5A 1S6, Canada; and
†Friday Harbor Laboratories, Friday Harbor, Washington
98250. 1Both authors contributed equally to this work.
We consider some evolutionary and developmental issues con-
erning the independent acquisition of metamorphic life histories
n multicellular eukaryotes. Our presentation will focus on five
opics: (1) arguments for expanding the definition of metamorpho-
is to include radical changes in body form in nonanimal eu-
aryotes (such as the mycelium-to-fruiting body transition in
ungi); (2) the role of hormones (ecdysteroids, thyroid hormones,
tc.) in coordinating events of metamorphosis in various animal
roups (insects, echinoderms, ascidians) with independently
volved metamorphosis; (3) nitric oxide signaling and the coordi-
ation of behavioral and morphogenetic events surrounding rapid
ransformations of body form (also see abstract by Bishop and
randhorst). (4) a hypothesis that the origin of distinct life cycle
tages (e.g., larvae) is related to the capacity to regulate the timing
f differentiation leading to sexual reproduction; and (5) a hypoth- i
Copyright © 2001 by Academic Press. All rightsis that the mechanisms underlying the evolution of novel life
istories within restricted taxonomic groups (such as lecithotrophy
n sea urchins or neoteny in salamanders) will prove to involve
lterations in the interplay between the signaling mechanisms
entioned in points (2) and (3). We encourage all attendees inter-
sted in metamorphosis, life history transformations, and/or life
istory evolution to join us at our poster to discuss a long-term
omparative approach to understanding the evolution of complex
ife cycles in multicellular organisms.
29. Evo-Devo 2001: A Teaching and Research Odyssey. A. Can-
delaria, I. Chevere, M. Colon, E. Geral, J. L. Gonzalez, J. M.
Mojica, A. Puig, X. Ramos, N. L. Rivera, K. Salas, I. Soto, A.
Tobler, and E. Rosa-Molinar. Department of Biology, Univer-
sity of Puerto Rico, Rio Piedras, Puerto Rico.
Graduate students will provide an overview of the knowledge,
kills, and insights gained from interacting with 11 scientists-in-
esidence in Evo-Devo 2001. Ten scientists-in-residence and stu-
ents addressed an issue central to the interface of development
nd evolution (Evo-Devo): the degree and significance of common
evelopmental mechanisms in evolution. In addition, students
tudied issues in ethics and responsible conduct in science. Ten
scientists-in-residence” investigate invertebrate and vertebrate
axa in which “major transitions” in ontogenetic programs have
een identified. Those scientists introduced students to central
oncepts of their work and taught them laboratory techniques key
o their investigations. Students and the scientists-in-residence
ound common evolutionary mechanisms in invertebrate and ver-
ebrate development and initiated a dialog on “big picture ques-
ions” such as parallelism, serial homology, and transitions in
volution and development. One scientist-in-residence provided
he background needed for discussions on ethics and responsible
onduct and prompted students to consider such issues in the
ontext of Evo-Devo. Students collaborated with scientists in the
eld and laboratory to address open-ended problems and used
tate-of-the-art equipment to explore the unknown. As a result,
hey gained an insight into how new knowledge is generated and
he ethical parameters of such work. (Supported by the Department
f Biology UPR-R P, Puerto Rico EPSCoR (NSF/EPS-9874782), and
n NSF grant (NSF/IBN-0095015) to ER-M.)
30. Integration of Inquiry-Based Learning in Developmental Bi-
ology. D. K. Darnell. Lake Forest College, Lake Forest, Illinois
60045.
My goal was to teach developmental biology using a student-
entered, inquiry-based approach (class size 5–16). The text was
althoff’s Analysis of Biological Development (two to three chap-
ers per week). Students prepared a half-page summary of the main
oints from each chapter and posed a question triggered by the
eading (with a possible answer), and a brief analysis of one of the
xperiments was covered. The summary prepared students to lead
iscussions of the take-home messages that were content depen-
ent. The question section engaged the students by directing the
iscussion toward aspects of the content they were ready to learn.
Premise: learning comes through building on present understand-
ng through inquiry; content acquisition without questions is
emorization and this is virtually useless for building a complex
nowledge base.) The experiment analysis prepared students to
esign their own experiments in the lab and to approach the
rimary literature with confidence. In the lab, students were
ntroduced to three model systems: sea urchins (for fertilization
s of reproduction in any form reserved.
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243SDB Meeting Abstractsand cleavage), frogs (for growth and metamorphosis), and chicks (for
fate, potency, and commitment). In the lab students worked with
embryos and the primary literature to answer developmental
questions of their own choosing. The course culminated with
platform and poster presentations on their research. Students
reported that the focus on experiment structure and interpretation
helped them in their other courses. Other faculty reported that
students coming from this course were more actively involved in
their courses. (The chick labs were made possible through a CCLI
grant from NSF for the purchase of research-grade dissecting
microscopes (DUE-9952472)).
331. Effect of Tumor Necrosis Factor-a on Preimplantation-Stage
Embryo Development. P. G. L. Lalit Kumar, Jayasree Sen-
gupta, and D. Ghosh. Department of Physiology, All India
Institute of Medical Science, New Delhi-110029, India.
Postovulatory stage mifepristone administration to mice and
rhesus monkeys results in abnormal embryo development and
failure of blastocyst implantation. Using rhesus and mouse models
we have tested the hypothesis that: (a) mifepristone induced
blockade of progesterone action increases tumor necrosis factor-a
(TNF-a) secretion in endometrial lumen and (b) up-regulation of
TNF-a in the luminal milieu inhibits preimplantation-stage em-
ryo development. Mifepristone (2 mg/kg body, sc) administration
uring the early luteal phase resulted in stage-dependent increase
f immunodetectable TNF-a in endometrial glands and in secre-
ion of prereceptive and receptive stage endometria of rhesus
onkeys. The effect of different doses (0.0, 0.5, 5, and 50 ng/ml) of
hTNF-a on mouse preimplantation embryo development in vitro
was examined using transmission electron microscopy to assess
morphological characteristics and 2D PAGE autoradiography to
analyze the profile of de novo synthesized embryonic secretory
proteins. TNF-a in vitro resulted in delay of embryo growth along
with distinctive degenerative changes in a dose-dependent manner.
There were also distinctive quantitative and qualitative changes in
the patterns of newly synthesized proteins in embryos following
TNF-a application in vitro. We suggest based on results obtained in
the present study that progesterone causes down-regulation of
TNF-a secretion in receptive stage endometrium and thereby
upports preimplantation embryo development and differentiation.
32. The Genes Encoding the Mammalian Hatching Enzymes.
D. E. Rancourt, S. Y. Liu, S. L. Rancourt, and C. M.
O’Sullivan. University of Calgary, Calgary, Alberta, T2N
4N1, Canada.
Prior to implantation, the embryo is maintained within a pro-
einacious coat, the zona pellucida, which prevents polyspermy
nd ectopic pregnancy. Previously, two proteinases have been
mplicated in hatching: lysin, a progesterone-regulated uterine
roteinase associated with zona lysis in utero, and strypsin, an
mbryonic proteinase associated with blastocyst hatching in vitro.
e have followed clues of redundancy among proteinases associ-
ted with embryonic invasion during implantation and have iden-
ified a novel family of implantation serine proteinase (ISPs). Both
he ISP1 and the ISP2 genes encode novel tryptases and demarcate
new branch of the S1 proteinase superfamily. ISP1 is expressed in
he preimplantation embryo during hatching and outgrowth. Anti-
ense abrogation of ISP1 expression prevents hatching and out-
rowth in vitro. We suggest that the ISP1 gene encodes strypsin,
hich participates in a continuum that connects blastocyst hatch-ng to ECM invasion. The ISP2 gene is first expressed in the day 4
Copyright © 2001 by Academic Press. All rightterine endometrial gland, which is the major source of uterine
cretions in early pregnancy. In artificial pregnancy experiments,
e have identified that ISP2 gene expression is dependent upon
rogesterone. Based on ISP29s expression profile and its relation-
hip to ISP1/strypsin, we suggest that ISP2 encodes lysin. Our
bservations that two related tryptases are derived separately from
he embryo and uterus to effect hatching reiterates the hypothesis
hat genetic redundancy has evolved to ensure successful implan-
ation. Given that blastocyst hatching constitutes a serious road-
lock in human fertility, further characterization of the ISPs is
mportant.
33. PLP-Cg, a Novel Member of the Prolactin-like Protein-C
(PLP-C) Subfamily, Produces Two Alternatively Spliced
Forms. I.-T. Hwang and J.-Y. Chun. Department of Biological
Sciences, Ewha Womans University, Seoul, 120-750, Korea.
We have isolated and sequenced mouse cDNA and genomic
NA clones encoding a new member of the PRL-like protein-C
PLP-C) subfamily of the prolactin gene family. The predicted
ature protein encoded by the full-length cDNA showed signifi-
ant amino acid sequence identity (56–68%) with all known
embers of the PLP-C subfamily, but it lacked specific homology
o any one member of the PLP-C subfamily. Thus, we have
entatively termed this novel protein PLP-Cg because PLP-Ca and
LP-Cb have been identified from mice. Surprisingly, the PLP-Cg
ene produces two mRNA isoforms by alternative splicing from a
ingle gene. The expression pattern of PLP-Cg is similar to those of
he closely related PLP-C subfamily members, in which the expres-
ion is restricted to trophoblast giant cells and spongiotrophoblast
ells. However, PLP-Cg has an exceptional gene structure with
even exons and six introns whereas other members of the PLP-C
ubfamily possess a six-exon/five-intron gene arrangement. North-
rn blot and RT-PCR analysis revealed that the PLP-Cg1 mRNA
soform was dominantly expressed during pre-mRNA processing,
hereas PLP-Cg2 expression was detectable only by RT-PCR. The
ouse PLP-Cg gene is located on mouse chromosome 13 along
ith other members of the mouse PRL family. A yeast-based signal
equence trap revealed that the 29-amino-acid signal sequence of
LP-Cg1 is functional in the secretory pathway, but the 67-amino-
cid sequences in the 59 portion of PLP-Cg2 is not a signal
equence. The identification of PLP-Cg may have considerable
mpact on the study of alternative isoforms in the PRL family in
eneral and on the additional function of the unusually long signal
equence of this family in particular. Our finding of the alternative
soforms in the PLP-C subfamily members of the PRL family
uggest that the PRL family members may be functionally more
ersatile than anticipated previously.
34. Defects in TGF b Signaling by Smad 4 and ELF Spectrins Are
Associated with Gastric Carcinogenesis. Y. Tang,* C. Fox,*,†
S. Danovitch,‡ T. Fleury,§ B. Mishra,¶ A. Sidawy,\ C.
Deng,** and L. Mishra.* *DVAMC, Washington, DC, and
Fels Institute, Temple University, Philadelphia, Pennsylva-
nia; ‡GWU and §Sibley Hospitals, Washington, DC; ¶CGTB,
NHGRI, NIH, and **NIDDK, NIH, Bethesda, Maryland; and
\Department of Surgery, VA Medical Center, and †Depart-
ment of Surgery, Walter Reed Army Medical Center, Wash-
ington, DC.
Background. The cytokine TGF-b inhibits the proliferation of
normal epithelial, endothelial, and hematopoietic cells, but fails to
inhibit growth in cancer cells. In TGF-b-insensitive cancers, mu-
s of reproduction in any form reserved.
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244 Developmental Biology Volume 235, 2001tations in the genes encoding TGF-b type I or type II receptors or
ownstream mediators, such as Smad 4, have been implicated, but
he exact mechanism for the failure of most cancer cells to respond
o TGF-b signaling is not known. Recent findings implicating
mad 4 as a major tumor suppressor gene in the gastrointestinal
ract are confirmed by the gastric cancer phenotype in Smad41/2
utant mice. The model presents an opportunity to investigate
astric tumorigenesis and molecular pathways that accompany the
nactivation of TGF-b signaling. We have recently demonstrated
that expression of ELF 3, a b spectrin is also lost in these gastric
cancers, and that ELF 3 is important for epithelial cell formation.
This has led to the hypothesis that ELF is a potential coadaptor
molecule important in Smad 4 signaling. Aim. (1) To elucidate the
specific role of Smad4 in gastric tumorigenesis by examining
alterations in proliferative signal transduction pathways during
tumor formation and correlate these with Smad 4 deletion and
LOH in the mouse model. (2) To examine the role of ELF3 in gastric
carcinogenesis by targeted mutagenesis to obtain ELF 3 null mice.
(3) To analyze Smad 4 and ELF expression in human gastric tissues
to determine whether these could be utilized as potential markers
of normal vs tumor tissue. Methods and Results. (1) Immunoblot
nalysis with antibodies to ERK 1/2, JNK1/2, P38 Map kinase,
KK3, MKK4, and Akt revealed that only phosphorylated P38
APK was markedly raised in all five mouse tumor samples,
ompared to normal and adenomatous controls. (2) Elf2/2 results
n embryonic lethality; Elf1/2 are being analyzed further. (3)
mmunohistochemical analysis utilizing antibodies to Smad 4 and
LF was performed in 43 human gastrointestinal tissue biopsies.
mad 4 and ELF expression was seen predominantly in stromal
issue and absent in all nine gastric cancer tissues, one normal
ontrol, and one colon cancer. Conclusions. (1) Differentially
ncreased phosphorylation of P38 MAPK reflects the imbalance
etween proliferative and antiproliferative signals in the tumors
xamined and may be important for future therapeutic maneuvers
n gastric cancer. (2) The correlative absence of Smad 4 and ELF in
ancer tissues is evidence that ELF Spectrin and Smad 4 are linked
n signaling defects that predisposes to gastric adenocarcinoma
ormation.
35. Functional Analysis of a Dominant-Negative Human PAX6
Mutation in Drosophila. Tom Glaser,* Beth Gordesky-Gold,†
Nancy Bonini,† Teresa V. Orenic,‡ Alan Sugar,* and Nadean
Brown.§ *University of Michigan, Ann Arbor, Michigan;
†University of Pennsylvania, Philadelphia, Pennsylvania;
‡University of Illinois, Chicago, Illinois; and §Northwestern
University Medical School, Chicago, Illinois.
The highly conserved transcription factor PAX6 controls eye
orphogenesis in metazoans. In humans, heterozygous null muta-
ions cause the malformation aniridia. We report a patient with
ignificantly more severe phenotype (anterior chamber dysgenesis),
nd a de novo 3.5-kb tandem duplication encompassing the PAX6
aired domain. This mutation creates a protein with three distinct
NA-binding domains (one homeodomain and two paired do-
ains), and it appears to act as a dominant-negative allele (anti-
orph). We explore the biochemical properties of this duplicated
rotein. However, to more fully assess the developmental basis of
his mutation, we exploited the extreme evolutionary conservation
f PAX6 to assay its activity during normal and ectopic Drosophila
ye development. Using the UAS–GAL4 binary expression system
nd a panel of informative GAL4 enhancers, we compared the
ffects of the duplicated and wild-type human isoforms and a
Copyright © 2001 by Academic Press. All rightnique vertebrate splice form, PAX6-5a. We show that the dupli-
ated PAX6 protein behaves as an antimorph during both normal
nd ectopic eye formation. This cross-species in vivo strategy may
e generally useful for evaluating other human mutations, in genes
hose Drosophila orthologues have been well characterized.
336. Why Do Small Eye (Pax61/2) Mice Have Small Eyes? J. M.
Collinson, J. C. Quinn, M. A. Buchanan, M. H. Kaufman, S. E.
Wedden, R. E. Hill,* and J. D. West. Genes and Development
Group, Hugh Robson Building, University of Edinburgh,
George Square, Edinburgh EH8 9XD, United Kingdom; and
*MRC Human Genetics Unit, Crewe Road, Edinburgh EH4
2XU, United Kingdom.
We investigated the etiology of anterior segment eye abnormali-
ties caused by heterozygous null mutations in PAX6 by studying
the small eye Pax61/2 mouse model. Histological analysis of
Pax61/2 embryos showed that the lens was developmentally
delayed, with signs of degeneration. Pax61/1 7 Pax61/2 chime-
ras, which are mixtures of wild-type and heterozygous cells,
revealed two cell autonomous defects of the heterozygous lens:
Pax61/2 cells are less readily incorporated into the lens placode
than wild type, and those which are incorporated into the lens are
not maintained efficiently in the lens epithelium. The lens of
chimeric embryos is therefore predominantly wild type by E16.5,
while, in contrast, heterozygous cells contribute normally to all
other chimeric eye tissues, into adulthood. Surprisingly, eye size
and defects of the iris and cornea are corrected in fetal and adult
chimeras with up to 90% mutant cells; correction of the whole eye
phenotype correlates with correction of the lens genotype. The lens
has been shown to produce growth factors and drive development
of the ciliary body, iris, and cornea. We postulate that reduction of
Pax6 dosage compromises the ability of the lens to instigate
inductive interactions that organize the anterior segment. Our data
suggest that small eyes, aniridia, and corneal opacities are all
consequences of the lens defects. This has clinical relevance for
human aniridia PAX61/2 phenotypes and suggests the possibility
of therapy.
337. Regulation of Left–Right Asymmetry by Thresholds of pitx2c
Activity. C. Liu,* W. Liu,* M.-F. Lu,* N. A. Brown,† and J. F.
Martin.* *Institute of Biosciences and Technology, Texas
A&M System Health Science Center, 2121 Holcombe Boule-
vard, Houston, Texas 77030; and †Department of Anatomy
and Developmental Biology, St. George’s Hospital Medical
School, University of London, Cranmer Terrace, London,
SW17 ORE, United Kingdom.
Although much progress has been made in understanding the
molecular mechanisms regulating left–right asymmetry, the final
events of asymmetric organ morphogenesis remain poorly under-
stood. The phenotypes of human heterotaxia syndromes, in which
organ morphogenesis is uncoupled, have suggested that the early
and late events of left–right asymmetry are separable. The pitx2
homeobox gene plays an important role in the final stages of
asymmetry. Here, we used two new pitx2 alleles that encode
progressively higher levels of pitx2c in the absence of pitx2a and b,
to show that different organs have distinct requirements for pitx2c
dosage. The cardiac atria required low pitx2c levels, which duode-
num and lungs utilized higher pitx2c doses for normal develop-
ment. As pitx2c levels were elevated, the duodenum progressed
from arrested rotation to randomization, reversal, and finally
normal morphogenesis. In addition, abnormal duodenal morpho-
s of reproduction in any form reserved.
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245SDB Meeting Abstractsgenesis was correlated with bilateral expression of pitx2c. These
data reveal an organ-intrinsic mechanism, dependent on the dosage
of pitx2c, governing asymmetric organ morphogenesis and provide
insight into the molecular events that lead to the discordant organ
morphogenesis of heterotaxia.
338. Analysis of Tbx1 Function in Xenopus laevis. P. Ataliotis, B.
Latinkic, T. J. Mohun, and P. J. Scambler. Molecular Medicine
Unit, Institute of Child Health, 30 Guilford Street, London,
WC1N 1EH, United Kingdom; and Division of Developmen-
tal Biology, National Institute for Medical Research, Mill
Hill, London, NW7 1AA, United Kingdom.
The transcription factor Tbx1 has recently been implicated in
he pathogenesis of DiGeorge syndrome (DGS), a relatively com-
on, human genetic disorder caused by hemizygous deletion of a
.5- to 3-Mb region of chromosome 22q11. DGS patients exhibit a
ange of phenotypes often associated with abnormal development
f the neural crest and pharyngeal arches. These include cardiovas-
ular defects, particularly of the outflow tract, craniofacial abnor-
alities, and hypoplasia or aplasia of the thymus and parathyroid.
e are studying the role of Tbx1 in neural crest and pharyngeal
rch development in Xenopus laevis. We have isolated a cDNA
clone encoding XTbx1 and find a high degree of conservation
between human, mouse, and Xenopus genes. The T-box regions of
mouse and human Tbx1 are identical and differ to the Xenopus
protein at only one conservatively substituted amino acid. The
main sites of XTbx1 expression are similar to those in the mouse.
In particular, XTbx1 is present in a subset of mesenchymal cells in
the pharyngeal arhces. We have shown that XTbx1 functions as a
transcriptional activator, binding to a consensus Brachyury binding
site. We are therefore using an engrailed–repressor fusion with
XTbx1 to specifically inhibit Tbx1 function in Xenopus embryos
nd show that such a construct causes both craniofacial and cardiac
bnormalities.
39. Ethanol Teratogenesis in the Zebrafish, Danio rerio. P. Z.
Myers, M. Larson, and M. Hartwell. University of Minnesota
at Morris, Morris, Minnesota 56267.
We have examined the effects of transient and acute ethanol
xposure on the embryonic development of the zebrafish, Danio
rerio. In general, ethanol causes gross craniofacial defects, abnor-
malities in somite formation, and retardation in the development
of simple motor behaviors. Two mechanisms that cause these
problems have been identified: (1) a dramatic increase in cell death
overall and (2) a more specific arrest of cell migration in the neural
crest. Cell death was analyzed using vital dyes, acridine orange and
nile blue sulfate, and by time-lapse video microscopy. Dead and
dying cells are widespread in the embryo. Time-lapse microscopy
reveals that necrotic cells are recognized and actively expelled even
as early as gastrulation and that there is a precise cellular mecha-
nism for purging the embryo of dead cells. Neural crest cells are
slow to migrate, as shown by time-lapse microscopy of pigment
cells. The substantial craniofacial abnormalities we describe are a
consequence of deformities and reductions in the development of
the pharyngeal arches; the most common problem is a gross
reduction in the size of the jaw, which later leads to a progressive
malformation of other facial structures. For instance, affected
embryos initially have relatively normal eyes that are only reduced
in size. By the time they reach the larval stage, cyclopia is common
as a consequence of secondary fusion as the eyes slump together in
the midline in the absence of cartilaginous support. We have also D
Copyright © 2001 by Academic Press. All rightfound a surprisingly complete amelioration of the developmental
defects when embryos are treated with large concentrations of
ascorbic acid simultaneous with the ethanol exposure, suggesting
that free radicals are involved in the generation of defects.
340. Using Collagen Microcarriers to Deliver Cells for Bone Tissue
Engineering. J. S. Doctor,*,† S. Salvaterra,* D. Vitrant,* K.
Azari,‡ M. A. Ihnat,§ J. O. Hollinger,* P. Campbell.* *Bone
Tissue Engineering Center, Carnegie Mellon University; †De-
partment of Biology and §Mylan School of Pharmacy, Du-
quesne University; and ‡Department of Plastic Surgery, Uni-
versity of Pittsburgh Medical Center.
Getting cells where you want them, when you want them, and
then having them do what you want is a major challenge for tissue
engineers. We are evaluating the use of commercially available
porous collagen microcarriers, CultiSphers, in the three-
dimensional culture of bone cells for application in tissue engineer-
ing. CultiSphers are porcine gelatin spheres approximately 100–
300 mm in diameter. Because CultiSphers are made from collagen,
they provide a biocompatible system for delivering cells. For
application to bone tissue engineering, we are using human OPC1
cells to evaluate the usefulness of CultiSphers. This osteoprecursor
cell line is especially advantageous because undifferentiated OPC1
cells can be induced to differentiate to an osteoblast phenotype in
response to BMPs and/or an osteogenic supplement. We have
demonstrated that over 96% of CultiSphers seed with OPC1 cells,
and up to 300 cells can be maintained per CultiSpher with over
95% viability even after several weeks of culture. Further, OPC1
cells will differentiate in CultiSphers as indicated by alkaline
phosphatase activity and calcium deposition. Microscopic analysis
indicates that cells populate both the outer surface and the interior
pores of CultiSphers. OPC1 cells in CultiSphers will migrate away
from the spheres onto plastic, glass, and several tissue engineering
scaffold materials. We are currently implanting CultiSphers to
evaluate further their potential as a cell delivery system for bone
tissue engineering.
341. Acetabularia acetabulum: A Novel Model for Arsenic Toxic-
ity. L. S. Townsend,* N. Dejbod,* W. Cullen,† and D. Man-
doli.* University of Washington, Seattle, Washington 98195-
5325; and University of British Columbia, Vancouver, British
Columbia, Canada.
Arsenic is a ubiquitous environmental carcinogen. Chronic
low-dose exposure to arsenic can elevate the risk of diabetes and
hypertension and lead to skin lesions and tumors in humans.
Millions of people in Bangladesh and West Bengal are in danger of
developing arsenic-related illnesses as a consequence of drinking
contaminated groundwater. In the United States, widespread use as
a pesticide and in ore smelting has leached large quantities of
arsenic into the soil, air, and water. Mechanisms of arsenic-related
disease are poorly understood largely because no adequate models
have been developed to fully explore the effects of arsenic in living
biological systems. When Acetabularia acetabulum is exposed to
rsenic, migration of haploid nuclei is inhibited. Interestingly, we
ave found a putative mutant that phenocopies the arsenic-induced
esponse. This suggests that it will be possible to use Acetabularia
o dissect genetic pathways of arsenic toxcity. The dose response of
. acetabulum to three key arsenicals (arsenite, MMAV, and
MAIII) indicates that the comparative lethality of these three
rsenicals in A. acetabulum mimics that in humans. 2,3-
imercapto-1-propanesulfonic acid (DMPS) is thought to form a
s of reproduction in any form reserved.
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246 Developmental Biology Volume 235, 2001nontoxic complex with MMAIII and has the potential to be an
effective arsenic antidote in humans. DMPS significantly delays
the onset of MMAIII-induced death in A. acetabulum, consistent
with existence of an MMAIII–DMPS complex. Based on these
results, we believe that A. acetabulum has the potential to serve as
an excellent model system for arsenic toxicity and the develop-
ment of arsenic antidotes. Results on arsenic-induced phenotypes,
the cell biology of the arsenic responses, and the actions of putative
protectants will be presented.
342. Oxygen Deprivation Causes Reversible Developmental Ar-
rest in the S and G2 Phases of the Cell Cycle in Zebrafish. P. A.
Padilla and M. B. Roth. Fred Hutchinson Cancer Research
Center, Seattle, Washington 98107.
Continuous exposure to oxygen is essential for nearly all verte-
rates. We are interested in characterizing metazoans response to
ow oxygen concentrations. We found that early zebrafish (Danio
erio) embryos can survive for 24 h in the absence of oxygen
anoxia, 0% O2). In anoxia, zebrafish enter a state of reversible
evelopmental arrest where all microscopically observable move-
ent ceased including cell division, developmental progression,
nd motility. Animals that had developed a heartbeat before anoxic
xposure showed no evidence of a heartbeat until return to terres-
rial atmosphere (normoxia, 20.8% O2). In analyzing cell cycle
hanges of rapidly dividing blastomeres exposed to anoxia we found
hat no cells arrested in mitosis. This is in sharp contrast to
imilarly staged normoxic embryos that consistently contain more
han 15% of cells in mitosis. Flow cytometry revealed that blas-
omeres arrested during the S and G2 phases of the cell cycle. This
work indicates that survival of oxygen deprivation in vertebrates
involves the reduction of diverse processes, such as cardiac func-
tion and cell cycle progression, thus allowing energy supply to be
matched by energy demands.
343. Multiple Wee1-like Kinases Regulate the Cell Cycle during
Xenopus Development. W. F. Leise and P. R. Mueller. The
University of Chicago, Chicago, Illinois, 60637.
As in many organisms, developing Xenopus embryos proliferate
ia multiple types of cell cycles. Early in development, the cell
ycle is very rapid consisting of little more than alternating S and
phases. However, after gastrulation, a more typical cell cycle is
dopted consisting of four temporally ordered phases (G1–S–G2–
). In all cases, the transitions between these phases are governed
y the cyclin-dependent kinases or Cdks. The activity of the Cdks
s regulated by posttranslational modifications and by interactions
ith other proteins. For example, Cdc2 must associate with cyclin
1 to be active at the onset of mitosis. Furthermore, the complex of
dc2 and cyclin B1 is regulated both positively and negatively by
hosphorylation. Our work focuses on the inhibitory phosphoryla-
ion of Cdc2 by the Wee1 kinases and on the role the Wee1 kinases
lay in cell cycle progression during development. We have found
hat in Xenopus there are at least two Wee1-like kinases. The first
s a maternal gene product that disappears shortly after gastrula-
ion. The second is a zygotic gene product that is expressed after
he midblastula transition and into adult stages of development.
e have isolated this zygotic Wee1 and determined its spatial and
evelopmental pattern of expression. Interestingly, the zygotic
enopus Wee1 is more similar to human Wee1 than to the
aternal Xenopus Wee1. The existence of multiple Wee1-like
kinases may help explain how the regulation of the cell cycle
changes during development.
Copyright © 2001 by Academic Press. All right344. Regulation and Degradation of Cyclin E in the Early Embry-
onic Cell Cycle. Brian Boyle, Michael Slevin, Yann Audic, and
Rebecca S. Hartley. Department of Anatomy and Cell Biol-
ogy, The University of Iowa, Iowa City, Iowa 52242-1109.
During embryogenesis in Xenopus laevis, dramatic changes
occur in the cell cycle as it is remodeled from a simple oscillation
between DNA synthesis and mitosis to a typical adult somatic cell
cycle containing G phases and checkpoints. This remodeling
occurs after the 12th cell cycle and during the midblastula transi-
tion (MBT), a time when zygotic transcription begins. We are
studying the regulation of the cyclin E/cyclin-dependent kinase 2
complex during the transition to the adult cell cycle. Unlike
mitotic cyclins A and B that are degraded cyclically following each
mitosis and reaccumulate due to the continuous translation of
their mRNAs, cyclin E protein accumulates after fertilization, and
its levels remain high during both phases of the early embryonic
cell cycle. Consistent with this, cyclin E mRNA is polyadenylated
following fertilization and remains adenylated until well after the
MBT. With the onset of zygotic transcription at the MBT, cyclin E
protein is degraded. In contrast to cyclins A and B, cyclin E no
longer accumulates despite the persistence of its polyadenylated
mRNA. To determine the mechanism of cyclin E destabilization at
the MBT we have prepared phosphorylation site mutants of cyclin
E and monitored their stability in vivo. Results suggest that
phosphorylation of cyclin E at the known Cdk2 consensus site
plays a role in its destabilization at the MBT.
345. XChk1 as a Molecular Switch between Cell Cycle Arrest and
Apoptosis in Xenopus Embryos. J. C. Sible, A. B. Carter, M.
Petrus, and B. Johnson. Virginia Tech, Blacksburg, Virginia
24061.
Early cell cycles in Xenopus embryos lack DNA replication
heckpoints. At the midblastula transition (MBT), a program of
poptosis eliminates cells with incomplete genomes. After the
BT, cells become resistant to apoptosis and engage DNA repli-
ation checkpoints. We are investigating the role of the checkpoint
inase, XChk1, in these cell cycle remodeling events. Treatment of
mbryos with aphidicolin at the MBT blocks DNA replication and
nduces apoptosis. In response to aphidicolin, XChk1 rapidly acti-
ates and then gradually degrades, correlating with the onset of
poptosis. Expression of dominant-negative XChk1 (DNXChk1)
oes not affect pre-MBT development, but induces rapid apoptosis
n embryos treated with aphidicolin after the MBT. Expression of
igher levels of DN-XChk1 triggers a default program of apoptosis
n untreated embryos. This apoptotic event correlates temporally
ith the destruction of maternal XChk1 and the synthesis of
ygotic XChk1 in control embryos. Therefore, XChk1 functions as
molecular switch to determine whether a cell will enter a cell
ycle checkpoint (XChk1 on) or a program of apoptosis (XChk1 off)
hen DNA replication is blocked. Unreplicated DNA rapidly
ctivates XChk1, inactivating the cyclin-dependent kinases (Cdks)
nd thereby arresting the cell cycle. However, unreplicated DNA
lso triggers slow degradation of XChk1. If unreplicated DNA
ersists, XChk1 is destroyed and Cdks, which are required for
poptosis, are reactivated. XChk1 also inhibits the default pathway
f apoptosis at the MBT unless the cell is compromised to the
xtent that zygotic expression of XChk1 is blocked.
46. Flk-1 Inhibition Modulates the Flt-1 Mutant Phenotype dur-
ing Blood Vessel Formation. D. M. Roberts,* J. H. Johnson,†
M. P. Rosenberg,† and V. L. Bautch,*,‡ *Curriculum in
s of reproduction in any form reserved.
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247SDB Meeting AbstractsGenetics and Molecular Biology, ‡Department of Biology,
University of North Carolina at Chapel Hill, Chapel Hill,
North Carolina 27599; and †Department of Cancer Biology,
Glaxo SmithKline Inc., Research Triangle Park, North Caro-
lina 27709.
Flk-1 and Flt-1 are two related receptor tyrosine kinases impli-
cated in blood vessel development. The Flt-12/2 ES cell culture
phenotype is characterized by an overgrowth of endothelial cells,
resulting in the formation of large endothelial sheets. Since Flk-1 is
proposed to be a positive regulator of endothelial cell proliferation,
we hypothesized that selectively abrogating Flk-1 activity during in
vitro differentiation might rescue the Flt-12/2 overgrowth pheno-
type. Using the Flk-1-selective inhibitor SU5416, we observed that
partial rescue of the Flt-12/2 overgrowth phenotype can be
achieved by treating Flt-1 2/2 ES cell cultures with 1.0 mM
U5416 starting on day 5 of differentiation. Higher concentrations
f SU5416 dramatically decrease endothelial cell numbers and
esult in the formation of vascular balls and fragments that fail to
ndergo branching characteristic of a normal vascular plexus.
imilar trends were observed in SU5416-treated wild-type cultures.
urrently, we are analyzing the Flk-1 phosphorylation status in
U5416-treated Flt-12/2 cultures to directly correlate rescue of
he Flt-12/2 phenotype with inhibition of Flk-1 phosphorylation.
e conclude that partial rescue of the Flt-12/2 overgrowth phe-
otype can be achieved through treatment with the Flk-1-selective
nhibitor SU5416, suggesting that Flt-1 normally acts to antagonize
lk-1 function.
47. Flt-1 (VEGFR-1) Negatively Regulates Blood Vessel Forma-
tion by Modulating Endothelial Cell Division. J. B. Kearney,
C. A. Ambler, K. A. Monaco, N. Johnson, R. G. Rapoport, and
V. L. Bautch. University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina 27599.
Gene targeting studies have elucidated the importance of VEGF
nd its high-affinity receptor tyrosine kinases, flk-1 (VEGFR-1) and
t-1 (VEGFR-2), in blood vessel formation. Flt-1 mutants are
mbryonic lethal, presumably due to vascular disorganization. ES
ells can be induced to undergo differentiation in vitro, where they
orm a variety of cell types, as well as vascular tissue, which closely
esembles the murine yolk sac vasculature. We have examined the
ascular potential of flt-1 null ES cells and embryos, and our data
indicate that the flt-1 mutation leads to vascular overgrowth. This
overgrowth is caused at least in part by an increased endothelial
cell mitotic index. Calculations of endothelial cell mitotic indices
showed a two- to threefold increase in flt-1 mutant cultures over
wild-type controls. Treatment of flt-1 mutant cultures with the
replication inhibitor mitomycin C induced partial rescue of vascu-
lar overgrowth. Consistent with these data, flt-1 expression during
normal vascular development is downregulated at sites of presump-
tive endothelial cell growth. Further experiments using ES cell
coculture and addition of a soluble version of the flt-1 receptor
suggest the existance of a soluble mechanism of flt-1 inhibition of
vascular outgrowth. Our studies indicate that flt-1 is an endoge-
nous inhibitor of vascular growth during the angiogenic phase of
blood vessel formation.
348. Identifying Modifiers of Cyclin D/CDK4-Directed Over-
growth. L. J. Saucedo, S. A. Datar, and B. A. Edgar. Fred
Hutchinson Cancer Research Center, 1100 Fairview Avenue
North, Seattle, Washington 98109.
Copyright © 2001 by Academic Press. All rightOverexpression of the Drosophila homologue of cyclin D (in
combination with its catalytic partner CDK4) in the developing
wing and eye leads to an increase in cell growth which can
coordinate with increases in cell division. In mouse and human
cells, cyclin D/CDK4 is well established for its ability to phosphor-
ylate the tumor suppressor retinoblastoma (Rb). This modification
of Rb results in the release of the transcription factor, E2F, which
promotes progression into S-phase by transactivating a number of
genes required for DNA replication. In Drosophila, overexpression
of E2F stimulates cell division without promoting cell growth.
Similarly, loss of RbF (a Drosophila Rb homologue) does not
stimulate cell growth. These results suggest that cyclin D/CDK4
has effectors in addition to Rb through which it modulates cell
growth. To further examine the role of cyclin D, the gene search
(GS) P-element is being used to screen for modifiers of an over-
growth phenotype resulting from cyclin D/CDK4 overexpression in
the eye. To date, 60 lines that alter the cyclin D/CDK4-directed
phenotype have been established and the affected genes are now
being identified. This approach is likely to detect downstream
effectors of cyclin D function which are limiting as well as negative
regulators of cyclin D/CDK4 activity. This genetic screen will
allow us to investigate the role of cyclin D and its effectors in
growth control and may help establish whether cyclin D may
mediate growth in response to developmental cues.
349. Regulation of Cell Growth and Adhesion by Drosophila Ras1.
D. A. Prober and B. A. Edgar. Molecular and Cellular Biology
Program, Fred Hutchinson Cancer Research Center, Seattle,
Washington 98109.
The Ras protooncogene is a GTPase that links extracellular
mitogens to intracellular mechanisms that control cell prolifera-
tion. Mammalian Ras has been studied extensively in vitro and in
cell culture, yet its functions in vivo are poorly understood. To
address this, we are studying how the Drosophila Ras homolog,
Dras1, regulates cell growth, the cell cycle, and cell proliferation in
the developing Drosophila wing. The wing develops as a monolayer
of epithelial cells that undergo exponential growth and prolifera-
tion during larval development. Concurrent with this proliferation,
complex signaling events direct patterning of the wing to generate
a tissue of the correct size, shape, and number of cells. The
developing wing is therefore an excellent model system in which to
study the role of Ras in regulating growth and patterning in a
dynamic and complex context in vivo. We have previously shown
that Dras1 promotes cellular growth and progression through the
G1/S phase of the cell cycle. We have also found that ectopic
expression of activated Dras1 alters cell affinity. Here we show that
Dras1 regulates the levels and localization of proteins involved in
cell adhesion, which may explain its effects on cell affinity. We
have also genetically separated the effects of ectopic Dras1 on cell
growth and adhesion and are studying signaling pathways down-
stream of Dras1 to better understand how it regulates these
processes. Finally, we will discuss the potential implications of
these findings for patterning of the Drosophila wing and regulation
of growth during development and cancer.
350. Abstract #350 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
b 4 in Different Proliferation of351. Expression of Thymosin
Murine Bone Marrow Endothelial Cells. J. F. Huang, W. Q.
s of reproduction in any form reserved.
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248 Developmental Biology Volume 235, 2001Huang, and Q. R. Wang. Central South University, Changsha,
Hunan, 410083 China.
We have reported that murine bone marrow endothelial cells
(mBMEC) expressed thymosin b4 (Tb4). In this report, the expres-
sion level of Tb4 in mBMEC in different proliferation state was
investigated. RT-PCR was used to detect the expression of Tb4
RNA and HPLC was used to determine the concentration of Tb4
in bone marrow endothelial cell-conditioned medium (BMEC-CM).
BMEC were cultured in three different culture media: IMDM only,
routine culture medium, and IMDM 1 serum-supplemented bFGF.
After incubation for 36 h, the cells were collected for the assay.
BMEC-CM was collected from the confluent BMEC layer that was
incubated for an additional 48 h without added serum or cytokines.
The results showed that: (1) the cell number of BMEC in serum-free
medium was the least while the cell number in bFGF-
supplemented culture medium was the most (P , 0.05). [3H]Thy-
midine incorporation showed a similar result (P , 0.05). (2) The
relative level of Tb4 mRNA of BMEC in three culture media was
.16, 13.26, and 17.49%, respectively. The concentration of Tb4 in
BMEC-CM which the cells were treated by bFGF was much higher
than in routine BMEC-CM (P , 0.01). (3) The expansion of the
hematopoietic high-proliferation potential colony-forming cell
(HPP-CFC) was 10.58 6 1.32-fold in BMEC-CM from bFGF-treated
cells, while in routine BMEC-CM was 6.09 6 1.02-fold (P , 0.01)
after 24 h of culturing. Tb4 antiserum partially canceled the
expansive effect. These results indicated that the expression level
of Tb4 was related to the proliferation state of BMEC. High
expression of Tb4 in BMEC may have the role of protecting the
primitive hematopoietic cells from extensive differentiation.
352. A Conserved Leucine in RbAp46, a WT1 Target, Is Required
for Growth Suppression. J. Yang, R. McCarty, and M. I.
Rauchman. Washington University School of Medicine, St.
Louis, Missouri 63110.
The Wilms tumor suppressor gene (wt1) is required for kidney
development and has been shown to modulate cell growth. How-
ever, the downstream targets of wt1 that mediate growth suppres-
sion have not been elucidated. RbAp46 is coexpressed with wt1 in
E13.5 metanephric mesenchyme and its expression is upregulated
by wt1 in human embryonic kidney (293) cells. Similar to wt1,
RbAp46 inhibits colony formation 2–33 in transfected cells. We
investigated the mechanism of growth suppression in stable cell
lines that constitutively express RbAp46. Compared with control
cells, RbAp46-expressing cells exhibited a reduced proliferation
index (22 vs 40%) and accumulated in G2-M of the cell cycle (34 vs
21%). A leucine to phenylalanine mutation in the fifth WD domain
of LIN-53, a Caenorhabditis elegans RbAp46/48 orthologue, has a
dominant negative effect on vulva induction. Since this leucine is
conserved in RbAp46, we tested the effects of this mutation (L299F)
on cell growth. In contrast to wild-type RbAp46, cells expressing
the RbAp46(L299F) mutant did not exhibit reduced proliferation
(43 vs 40%) and did not accumulate in G2-M (18 vs 21%) compared
to control cells. Coexpression of the L299F mutant in cells that
express wild-type RbAp46 at levels sufficient to cause growth
suppression prevented G2-M arrest and restored the growth curve
and proliferation index to control levels, consistent with dominant
negative activity. We conclude that RbAp46 is a potentially im-
portant downstream mediator of growth inhibition by wt1 and that
a conserved leucine in the fifth WD domain is required for its
effects on the cell cycle. t
Copyright © 2001 by Academic Press. All right353. Is There a Role for Asymmetric Division in Arabidopsis
Development? D. C. Bergmann and C. R. Somerville. Carne-
gie Institution of Washington, Department of Plant Biology,
Stanford, California 94305.
Arabidopsis undergoes a stereotyped pattern of cell division
during embryonic development and later in the formation of
specific vegetative and reproductive organs. Many of these divi-
sions are asymmetric or oriented, suggesting a connection between
the patterns of cell division and the specification of cell fate.
Despite this attractive correlation, however, there is little experi-
mental evidence to suggest such a mechanism. In fact, the analysis
of several mutations in maize suggests that some division orienta-
tions can be disrupted without affecting cell fates. We have
initiated several genetic screens in Arabidopsis to find genes
required for the acquisition of particular cell fates, using plants
containing GFP and GUS reporters expressed in differentiated
tissues. By choosing markers expressed in the tissues that arise
from putative asymmetric divisions, we hope to identify new cell
fate determinants. We predict that a subset of these mutations may
cause alterations in cell division patterns and allow us to determine
the role of asymmetric divisions in Arabidopsis development. A
summary of the mutant lines identified in the screens will be
presented.
354. Developmental Timing in Caenorhabditis elegans. Heather
Gardner, Mili Jeon, and Ann Rougvie. Department of Genet-
ics, Cell Biology and Development, University of Minnesota,
St. Paul, Minnesota 55108.
Cells of a developing animal must integrate temporal, spatial,
and sexual cues in order to adopt the appropriate fate. The hetero-
chronic genes of Caenorhabditis elegans specify temporal informa-
tion during postembryonic development. Mutations in these genes
alter the timing of the terminal differentiation of the lateral
hypodermis. For example, hypodermal cells in lin-42 mutants
terminally differentiate one stage earlier than in the wild type. We
cloned lin-42 and found that the predicted lin-42 protein is most
imilar to the PERIOD (PER) family of proteins from Drosophila
nd other organisms. This similarity is especially interesting since
ER is involved in a second type of biological timing mechanism,
he control of circadian rhythms. This connection is further
ighlighted by experiments that demonstrate that per mutants
xhibit defects in growth rate. The region of similarity between
IN-42 and PER is mostly restricted to a protein interaction
omain known as the PAS domain. We are investigating other
imilarities between LIN-42 and PER. A hallmark of per is that its
RNA levels oscillate with a 24-h periodicity. We found that, like
er, lin-42 message levels oscillate, but with a faster rhythm that is
ynchronized to the molting cycles. In flies, the PAS domain of PER
ediates an interaction with TIMELESS. We have identified a
imeless homologue in C. elegans, tim-1, but to date have no
vidence for interaction between LIN-42 and TIM-1. Screens to
dentify factors that interact with LIN-42 are in progress, and
nalysis of candidate LIN-42-interacting proteins will be described.
55. Cardiac Neural Crest in Zebrafish. M. Sato and H. J. Yost.
Huntsman Cancer Institute,University of Utah, Salt Lake
City, Utah 84112.
Neural crest cells migrate from the dorsal neural tube to give rise
o a variety of structures throughout development. In birds and
s of reproduction in any form reserved.
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249SDB Meeting Abstractsmammals, cardiac neural crest (CNC) contributes to cardiac out-
flow tract septation, conotruncal cushion formation, and aortic
arch artery remodeling. The absence of these neural-crest-
dependent processes in zebrafish raises the question of whether
neural crest contributes to the development of the prototypical
heart in zebrafish. The goal of this study is to examine whether
neural crest cells contribute to cardiovascular development in
zebrafish. Detailed fate-map analysis of premigratory neural crest
was performed by laser activation of caged-fluorescein lineage
label, with three surprising results. First, CNC that contribute to
the heart originate both from neural tube regions analogous to
those found in birds and mammals and from a novel region that is
rostral to the otic vesicle. Second, CNC cells migrate to structures
such as atrioventricular cushion, pharyngeal arches, and outflow
tract as in other vertebrates, but also invade the muscular walls of
the atrium and ventricle in zebrafish. Third, some CNC cells in the
walls of the heart transform into cardiomyocytes and express MF20
(sarcomeric myosin heavy chain), suggesting a novel developmen-
tal source for cardiac muscle. Fate-map analysis identified three
distinct subgroups of CNC along the rostrocaudal axis of the neural
tube that have differential propensities to contribute to structures
in the heart. In situ hybridization analysis indicated that wnt1,
wnt3a, and lef1 are differentially expressed in these subgroups
before migration, suggesting that the three distinct groups of CNC
are defined before reaching their targets in the heart. Laser ablation
studies will assess the roles of each CNC subgroup. We conclude
that zebrafish utilize neural crest in cardiovascular development
and will serve as a useful model to investigate the evolution and
development of complex cardiovascular structures.
356. Characterization of the Zebrafish Hematopoietic System by
Flow Cytometry. David Traver, Nina Kotsopoulou, Richard
Mulligan, and Leonard Zon. HHMI and Children’s Hospital,
Boston, Massachusetts 02115.
Mutagenesis screens in zebrafish have led to the discovery of a
ide array of blood mutants. Precise characterization of the defects
n these mutants requires a thorough understanding of the ze-
rafish hematopoietic system. To this end, we have analyzed the
ematolymphoid system of adult zebrafish by flow cytometry.
xamination of kidney marrow, spleen, and blood by light scatter
haracteristics reveals distinct profiles for each. From these pro-
les, the major blood lineages can be isolated to purity from each
issue. Mature erythroid cells are found exclusively within two
opulations—forward scatter (FSC)low orthagonal scatter (OSC)low
and FSClow OSChigh subsets. To further analyze the hematopoietic
ineages in marrow, we have made use of adult zebrafish expressing
FP under control of the erythoid-specific GATA-1 promoter. Both
rythroid subsets express high levels of GFP in GATA-1GFP trans-
enic zebrafish. In all hematopoietic tissues examined, my-
lomonocytic cells are found only within the FSChigh OSChigh
population, and lymphoid cells within the FSCmed OSClow subset.
Since all blood cells ultimately derive from hematopoietic stem
cells (HSCs), we have transplanted each marrow population to
determine where HSC activity phenotypically resides. Addition-
ally, a putative HSC population visualized by Hoechst 33342
staining was assayed for long-term, multilineage hematopoiesis in
transplantation settings. Isolation of HSCs will aid in the determi-
nation of cell-autonomous mutations, and taken together with
transgenic fish expressing GFP in different tissues, will provide a
means to study the plasticity of stem cell differentiation.
Copyright © 2001 by Academic Press. All right357. Primitive and Definitive Blood Share a Common Origin in
Early Xenopus: A Comparison of Lineage Labeling Tech-
niques. M. C. Lane and M. D. Sheets. University of Wiscon-
sin, School of Medicine, Madison, Wisconsin 53706.
Primitive blood constitutes the ventral-most mesoderm in ver-
tebrates and thus is an important tissue when considering axial
patterning. In recent years, investigators employing various lineage
labeling strategies have reported disparate results for the origins of
primitive blood in Xenopus (Mills et al., Dev. Biol. 209, 352; Tracey
t al., Development 125, 1371; Lane and Smith, Development 126,
23; Ciau-Uitz et al., Cell 102, 787). These discrepancies must be
esolved in order to elucidate early embryonic pattering mecha-
isms. We directly compared two of the techniques, injection of
b-galactosidase (i.e., Lac Z) mRNA versus conjugated dextrans, by
coinjecting both tracers simultaneously into individual blas-
tomeres in cleavage-stage embryos. We find that dextrans label
progeny efficiently while Lac Z activity is not expressed in many of
the progeny of an injected blastomere. This result demonstrates
that Lac Z mRNA fails to meet the criterion for a lineage label,
namely, efficient detection of the progeny of a blastomere, and
raises questions about interpretations based on Lac Z mRNA
injection. We reexamined the origins of primitive and definitive
blood in regularly cleaving Xenopus embryos by coinjecting both
reporters into various blastomeres. Our results demonstrate that
primitive blood arises from all vegetal hemisphere blastomeres at
the 32-cell stage, confirming our previous results (Lane and Smith,
1999). In addition, we show that both primitive and definitive
blood arise from blastomere C3, demonstrating that the two blood
compartments are not separable at the 32-cell stage.
358. Cranial Neuroectoderm Produces Vascular Smooth Muscle
Cells and Pericytes in Brain. H. Kurz, J. Korn, and B. Christ.
Institute of Anatomy II, University of Freiburg, Albertstrasse
17, 79104 Freiburg, Germany.
The origin of vascular pericytes and smooth muscle cells (vSMC)
in the brain hitherto remained an open question. In the present
study, we used the quail–chick chimerization technique to eluci-
date the lineage of cranial vSMCs. We transplanted complete
halves of brain anlagen or dorsal (presumptive neural crest, NC) or
ventral cranial neural tube. Additional experiments included trans-
plantations of neuroectoderm into limb mesenchyme and of head
mesoderm or limb mesenchyme into paraxial head mesoderm.
Confocal microscopy of quail markers QH1 and QCPN, in combi-
nation with smooth muscle actin expression, and electron micros-
copy were used to identify graft- or host-derived vSMC. After
interspecific transplantation of quail brain rudiment, graft-derived
vSMCs were found in the vessel walls of the grafted brain. Notably,
transplanted ventral neural tube also gave rise to vSMCs. After
grafting of quail head mesoderm, quail endothelial cells were found
in the host brain, but no vSMCs of donor origin. Grafting of quail
whole or ventral neural tube into the limb bud led to endowment
of graft and host vessels with graft-derived vSMCs. Quail limb bud
mesenchyme contributed to vSMCs in the ectopic neural graft, but,
when transplanted into paraxial head mesenchyme, did not form
intraneural vSMCs. After orthotopic transplantation of cranial NC,
graft-derived vSMCs were not only found in meninges and brain of
the operated, but also on the contralateral side. Our results show
that (a) avian cranial neuroectoderm is able to differentiate into
vSMCs of the brain; (b) this potential is not restricted to the
prospective NC; (c) neither cranial nor cranially transplanted limb
bud mesoderm forms brain vSMC.
s of reproduction in any form reserved.
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250 Developmental Biology Volume 235, 2001359. Conditionally Immortalized Cell Line of Metanephric Mes-
enchyme. Z. B. Levashova, S. Y. Plisov, and A. O. Perantoni.
National Cancer Institute, Frederick, Maryland 21702.
Mammalian nephrogenesis results from reciprocal interactions
f two stem cell populations derived from intermediate mesoderm,
he ureteric bud, and undifferentiated mesenchyme. The molecular
echanisms determining mesenchymal–epithelial conversion are
ot completely understood. The establishment of a stem cell line
or metanephric mesenchyme, which would retain its ability to
roliferate and also its potential to differentiate, would be a
onvenient tool to permit the comprehensive evaluation of mo-
ecular events responsible for mesenchymal–epithelial conversion.
ere, we describe a novel immortalized cell line RIMM-18 (rat
nducible cell line of metanephric mesenchyme). This cell line
roliferates continuously, maintaining mesenchymal characteris-
ics for over 40 passages. These cells are vimentin positive and
esponsive to a number of cytokines, which are established induc-
rs of mesenchymal cells in vivo, i.e., FGF2, LIF, and TGFb2.
Transcriptional activation of reporters for Stat3, Smad4, and TCF/
LEF was demonstrated by luciferase assay. Under inductive condi-
tions, these cells change morphology acquiring epithelial-like
features and begin to express epithelial markers, e.g., E-cadherin
and cytokeratin, as judged by immunocytochemistry and immuno-
histochemistry. An increase in g-glutamyltranspeptidase activity,
marker for tubular differentiation, was also observed. This
reliminary characterization of RIMM-18 cells suggests that they
ill be useful in the study of molecular mechanisms of kidney
evelopment and, possibly, of some types of renal cancer such as
ilms’ tumor, which caricatures the normal process of kidney
evelopment.
60. Conditional Genetic Ablation Using puDtk and Cre/loxP
Technology. Y. T. Chen*,† and A. Bradley*,†,‡,§. ‡Howard
Hughes Medical Institute, *Program in Developmental Biol-
ogy, and †Department of Molecular and Human Genetics,
Baylor College of Medicine, Houston, Texas 77030; and §The
Sanger Centre, Welcome Trust Genome Campus, Hinxton,
Cambridge, CB10 1SA, United Kingdom.
Genetic ablation experiments are used to resolve problems
regarding cell lineages and the in vivo function of a certain group of
cells. Here a general strategy that combines the power of puDtk and
Cre/loxP technology to accomplish time- and tissue-specific abla-
tion is described. A transgenic mouse, puDtk selector, carrying
PGK-loxP-neo-bpA-loxP-puDtk-bpA construct on its X chromo-
some, was generated. When puDtk selector was crossed to a
conditional cre line, puDtk expression should be activated as a
result of DNA recombination between loxP sites in the Cre-
expressing tissue of the bigenic progeny. Conditional ablation of
the Cre-expressing tissue can therefore be achieved at the time that
ganciclovir (GCV) is administrated. To demonstrate the feasibility
of this strategy, puDtk selector mice were crossed to Col2Cre mice
carrying transgenic cre expressed in differentiating chondrocytes.
Upon GCV administration, differentiating chondrocytes were suc-
cessfully ablated in bigenic embryos. Dwarfism, macrocephaly,
macroglossia, and umbilical hernia were observed in ablated 18.5
dpc embryos. Thus, we have generated a transgenic line which will
enhance the utility of the existing conditional cre lines so that
various kinds of time- and tissue-specific ablation experiments can
be performed by initiating mouse crosses.
Copyright © 2001 by Academic Press. All right361. The COP9 Signalosome Regulates Multiple Pleiotropic Path-
ways in Drosophila melanogaster. Efrat Oron, Orit Harari-
Steinberg, Sigal Rencus, Nirit Egoz, Daniel Segal, and Daniel
A. Chamovitz. Department of Plant Sciences and Department
of Molecular Microbiology and Biotechnology, Tel Aviv Uni-
versity, Tel Aviv 69978, Israel.
The COP9 signalosome (CSN) is an essential eight-subunit
repressor of light-regulated development in Arabidopsis. This
complex has also been identified in mammals, though its role
remains obscure. Among the subunits of the CSN are Jab1 (COP9
Signalosome subunit 5, CSN5), a c-Jun coactivator, CSN1, a Ga
pathway suppressor, and TRIP15/CSN2, a thyroid-hormone recep-
tor binding protein. These subunits have roles in various cellular
processes, suggesting a possible role for the CSN as an integrator of
multiple signaling pathways. To elucidate the function of the CSN
in animals, a Drosophila model system has been established.
Gel-filtration analysis with antibodies against the subunits re-
vealed that these proteins act as a complex in Drosophila that is
similar in size to the plant and mammalian complexes. Null
mutations in one of two subunits, Csn4 and Csn5, are larval lethal.
Successful embryogenesis appears to be a consequence of maternal
contribution of the complex. Phenotypic characterization of these
two mutants indicates that this lethality probably results from
numerous pleiotropic effects, including defects in cell-cycle regu-
lation and hematopoesis. Interestingly, while some of the pheno-
types are shared between the two mutants, each mutant also has
unique phenotypes, which suggest specific roles for each subunit.
Biochemical analysis indicates that the different subunits are found
in both CSN-dependent and CSN-independent forms and that
these forms are differentially affected by the mutations.
362. Localization of Flamingo in the Drosophila Eye Disc and Its
Prospective Role in Eye Development. G. Das and M.
Mlodzik. Mount Sinai School of Medicine, New York, New
York 10029.
The mechanism of planar polarity generation in the Drosophila
eye is a result of a coordinated decision made by a group of cells. In
this respect, it is different from the wing where polarity is gener-
ated as a result of decisions made by individual cells more or less
independently. The decision in the eye involves a group of genes,
one of which is Flamingo, a seven-transmembrane receptor with
nine cadherin repeats and a combination of Cys-rich and LmA-G
domains in its extracellular region. Given the planar polarity
defects in Flamingo mutant eye discs and the nature of its expres-
sion, we asked what role Flamingo could be playing in the genera-
tion of planar polarity in the eye. To address this question, we
performed a series of experiments involving genetic interactions
and expression analysis with other genes involved in the same
process such as Frizzled, Dishevelled, Strabismus, and RhoA.
Flamingo was found to have additional roles in eye development.
We report the results of these experiments.
363. Germinal Vesicle Breakdown in Ascidian Oocytes Is Con-
trolled by Kinases and Phosphatases. Charles C. Lambert.
Friday Harbor Labs, University of Washington, 620 Univer-
sity Road, Friday Harbor, Washington 98250.
Maturation of the animal egg involves controls within the
oocyte and external signals which regulate the internal events.
Ascidians, the invertebrate deuterostome group that gave rise to
s of reproduction in any form reserved.
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251SDB Meeting Abstractsthe vertebrates, includes three orders, the most complex of which
contains three families: Pyuridae, Styelidae, and Molgulidae. Thus
far the onset of maturation (germinal vesicle breakdown, GVBD)
has been investigated in a single pyurid species. Here GVBD begins
when the oocyte contacts sea water (SW) but nothing is known
about the internal events. Herdmania pallida (Pyuridae) functions
ike the other pyurid studied, with GVBD occurring in sea water.
ocytes of Cnemidocarpa irene (Styelidae) do not undergo GVBD
in SW but must be activated. GVBD in Herdmania oocytes can be
inhibited by pH 4 SW but can also then be activated at pH 4 by
specific triggers. Mastoparan (a G-protein activator), A-23187 (a
calcium ionophore), and dimethylbenzanthracene (a tyrosine ki-
nase activator) can all activate GVBD in Herdmania and Cnemi-
docarpa oocytes. This activation of GVBD involves cyclin and
cyclin-dependent kinase (maturation-promoting factor, MPF) activ-
ity, as the cyclin-dependent kinase inhibitors roscovitine and
olomoucine inhibit the process. It also involves dephosphorylation
of the MPF as demonstrated by the ability of the phosphatase
inhibitor vitamin K3 to inhibit GVBD. This pathway is typical of
echinoderms but not of most vertebrates, which must synthesize
cyclin to initiate GVBD. GVBD can also be inhibited by tyrphostin
A23, a tyrosine kinase inhibitor, and LY-294002, a phosphatidyl-
inositol 3-kinase (PI3K) inhibitor. LY-294002 inhibits strongly
when activation is by mastoparan or ionophore but not when the
tyrosine kinase pathway is activated. Thus ascidian oocytes have
preformed MPF which only has to be dephosphorylated to trigger
GVBD. This dephosphorylation involves activation of a phospha-
tase by phosphorylation.
364. The Role of NO/cGMP and HSP90 in Regulating Metamor-
phosis of the Sea Urchin Lytechinus pictus. C. D. Bishop1 and
B. P. Brandhorst.1 Simon Fraser University, Burnaby, British
Columbia V5A 1S6, Canada. 1Both authors contributed
equally to this work.
We have investigated the role of nitric oxide/cyclic GMP (NO/
cGMP)signaling and heat shock protein 90 (HSP90) function in the
regulation of sea urchin metamorphosis. Independent pharmaco-
logical inhibition of nitric oxide synthase (NOS), soluble guanylyl
cyclase (sGC), and HSP90 leads to an increase in the frequency of
metamorphosis among competent Lytechinus pictus larvae. This
indicates a repressive function for a signaling pathway in which
NO production is dependent on HSP90 function and acts os sGC.
Using histochemical and immunocytochemical stains for NOS, we
investigated the anatomical organization of this putative signaling
system in mature L. pictus larvae. Cells in the lower lip of the
mouth (often having a neuronal appearance), preoral hood, gut,
epaulettes, arm tips, and juvenile tube feet express NOS. We are
using microsurgery to identify which of these sites of NOS activity
is a signaling center that represses metamorphosis. In the gastropod
mollusk Ilyanassa obsoleta and in two species of solitary ascidians,
the regulation of metamorphosis also involves repressive NO
signaling; in the latter, cGMP signaling and HSP90 function are
also involved (Froggett and Leise, 1998; Bishop et al., 2001, in
press). It is intriguing that the mechanism by which these three
invertebrates regulate this critical life cycle transition is similar in
its components and its architecture. These regulatory similarities
are discussed with respect to the evolution of larval forms and
complex life cycles. Conference attendees having an interest in life
history evolution are also directed to the poster presented by
Bishop and Hodin.
Copyright © 2001 by Academic Press. All right365. Abstract #365 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
366. GPI-Linked and Transmembrane Ephrins Are Localized in
Distinct Membrane Microdomains and Regulate Different
Biological Processes. A. Davy and S. M. Robbins. University
of Calgary, Calgary, Alberta, T2N 4N1, Canada.
Ephrins are membrane-bound ligands for the subclass of Eph
receptor tyrosine kinases that are involved in many aspects of
embryonic development. There are two classes of ephrins, charac-
terized by their mode of attachment to the plasma membrane.
Class A ephrins are GPI anchored to the plasma membrane, while
B-ephrins are transmembrane proteins. It is now clear that ephrins
are more than just ligands and can act as receptors themselves, thus
giving rise to a bidirectionnal signaling upon interaction with their
cognate Eph receptors. The distinct patterns of expression of each
class of ephrins, as well as their involvement in different develop-
mental processes, suggest that both classes of ephrins might be
activating distinct signaling pathways thus regulating distinct
biological processes. We have shown previously that GPI-anchored
ephrins regulate cellular adhesion and morphology, via a src-family
kinase-dependent activation of b1-integrin. To evaluate whether
ransmembrane ephrins regulate similar signaling pathways, we
ave generated fibroblast cell lines ectopically expressing various
ypes of ephrin: GPI-anchored ephrin-A5, transmembrane ephrin-
1, or a chimeric protein composed of the cytoplasmic and
ransmembrane domain of ephrin-B1 fused with ephrin-A5
transmembrane ephrin-A5). Biochemical analysis as well as
mmunofluorescence studies demonstrated that both classes of
phrins localize in different subcompartments of the plasma
embrane and communicate with a unique set of signaling
olecules to elicit distinct biological responses. In addition,
esults obtained with the chimeric transmembrane ephrin-A5
evealed that the specificity of ephrins is not exclusively due to
heir mode of attachment to the plasma membrane, but might
lso reside in their extracellular domain.
67. Relieving TCF-Mediated Repression during Zebrafish
Embryogenesis—A Role for Nemo-like Kinase? C. J. Thorpe
and R. T. Moon. Department of Pharmacology and Howard
Hughes Medical Institute, University of Washington, Seattle,
Washington 98195.
During zebrafish gastrulation, wnt8 is required to posteriorize
ascent neuroectoderm (see abstract by Lekven et al.). Loss of wnt8
unction results in an expansion of the expression domains of
nterior neural markers such as otx-2 and opl, with a concomitant
eduction in more caudal neural genes, including the midbrain–
indbrain marker pax-2. wnt8 may posteriorize neuroectoderm by
elieving the repression of posterior neural genes by the zebrafish
cf3 homologue, headless. Loss of both maternal and zygotic
eadless function results in a complete loss of eyes and forebrain
ith a concomitant expansion of midbrain–hindbrain markers, a
henotype mimicking that of zygotic wnt8 overexpression. A
omologue of murine nemo-like kinase (NLK) has been implicated
n a MAP-kinase-related pathway in the early Caenorhabditis
legans embryo that synergizes with Wnt/b-catenin signaling to
relieve repression by a TCF-related gene called POP-1. As a first
test of whether a similar pathway may play a role in neuroectoderm
patterning in zebrafish, we injected mouse NLK RNA into early
zebrafish embryos. We observed a phenotype strikingly similar to
s of reproduction in any form reserved.
D
c
p
f
d
p
m
(
m
b
s
c
i
p
i
P
o
p
u
a
g
p
252 Developmental Biology Volume 235, 2001that seen in headless mutant embryos, complete or partial loss of
eyes and forebrain, suggesting that an NLK-like pathway may be
functioning cooperatively with wnt8 to posteriorize the neuroec-
toderm. In addition, some injected embryos also lack notochord
and have somites fused across the midline, suggesting that an
NLK-mediated pathway could be cooperating with wnt8 in pattern-
ing ventrolateral mesoderm. Progress in cloning a zebrafish NLK
homologue and assessing its function will be described.
368. HeyL: A New Mammalian Mediator of Notch Signaling. C.
Steidl,* K. P. Knobeloch,† C. Leimeister,* M. Maier,* and M.
Gessler.* *Institute of Physiological Chemistry I, Theodor-
Boveri-Institute, University of Wu¨rzburg, Wu¨rzburg, Ger-
many; and †Research Institute for Molecular Pharmacology,
Department for Molecular Genetics, Krahmerstrasse 6, 12207
Berlin, Germany.
Delta–Notch signaling affects the implementation of differentia-
tion, proliferation, and apoptotic programs influencing organ for-
mation and morphogenesis. We have identified three mammalian
genes, Hey1, Hey2, and HeyL, which possess high similarity to the
rosophila Notch-target genes hairy and the Enhancer of split
omplex genes. In situ hybridization revealed a distinct expression
attern of HeyL during neurogenesis, somitogenesis, blood vessel
ormation, and development of other organs. GFP fusion as well as
irect antibody staining showed a nuclear localization of the HeyL
rotein. Notch-dependent expression was confirmed by HeyL pro-
oter studies as well as HeyL expression analysis in Delta-like 1
Dll1) and Notch1 knockout mice and in Notch1-overexpressing
ice. For functional analysis of HeyL the exons 2 to 4, encoding the
HLH domain, were replaced with a lacZ cassette. HeyL expression
ites, as shown by in situ hybridization, could be confirmed by
b-Gal staining of whole-mount knockout mouse embryos. In adult
mouse organs lacZ expression was detected in the capillary blood
vessels especially of the lung, heart, and brain. Knockout mice from
the F2 backcross generation are born at expected Mendelian ratio
and appear healthy and fertile. Further characterization of these
mice as well as generation of double knockout mice is currently
under way.
369. Spatial and Temporal Patterns of RTK Signaling in the Devel-
oping Mouse Embryo. L. Corson, M. Ema, V. Lai, and J.
Rossant. Samuel Lunenfeld Research Institute, Mount Sinai
Hospital, Toronto, Ontario, Canada.
Receptor tyrosine kinase (RTK) signaling pathways play critical
roles in various developmental processes. Because many RTKs
signal through MAP kinase (ERK), monitoring the distribution of
activated MAPK provides a powerful means to map these signaling
pathways in situ. We are using whole mount immunohistochem-
istry with phospho-MAPK antibodies to define the precise RTK
signaling domains in the developing mouse embryo. Results reveal
discrete spatial and temporal patterns of MAPK activation. By
comparing these regions of MAPK activity, the expression patterns
of RTKs, and the phenotypes of RTK-mutant mice, we are able to
postulate which RTKs are responsible for the various domains of
MAPK signaling. Strong, persistent MAPK activation is seen in
regions of prolonged FGF signaling such as in extraembryonic
ectoderm and limbs. Brief pulses of MAPK are seen in regions
where other RTKs (such as Flk1) are likely playing transitory roles
in cell type specification. Some MAPK signaling regions are of
uniform intensity while others exhibit a gradient. Some tissue
layers have cytosolic and nuclear MAPK while others retain the t
Copyright © 2001 by Academic Press. All rightMAPK in the cytoplasm. In total, these studies give insight into
basic principles governing three-dimensional RTK signaling in the
intact embryo.
370. Targeted Genomic Disruption of Mek2 Reveals Its Dispens-
ability for Mouse Growth and Development. Jean Charron,*
Louis-Francois Be´langer,* Michel Tremblay,* Barbara Brott,†
and Raymond Erikson.† *Centre de Recherche en Cance´rolo-
gie de L’Universite´ Laval, CHUQ, L’Hoˆtel-Dieu de Que´bec,
Que´bec, Que´bec, Canada G1R 2J6; and †Department of Mo-
lecular and Cellular Biology, Harvard University, Cambridge,
Massachusetts 02138.
MEK1 and MEK2 are two dual specificity kinases that activate
the MAP/ERK kinases upon agonist binding to receptors. In mam-
mals, the MAP/ERK pathway is involved in the control of cell
growth and differentiation. While genetic studies have shown that
a single Mek gene is present in nematode, Drosophila, and Xeno-
pus, two homologs, MEK1 and MEK2, are present in the mamma-
lian cascade. We have shown that disruption of the Mek1 gene
leads to embryonic death at E10.5 due to reduced vascularization of
the labyrinthine region of the placenta (Giroux et al., 1999). These
findings provide genetic evidence that establish the unique role
played by MEK1 in developmental signaling. No obvious pheno-
type was observed in the embryo suggesting that the presence of
MEK2 is sufficient to compensate for the lack of MEK1 in response
to several inductive signals. To define the specific role of Mek2 in
signal transduction during mouse development, we have generated
mouse lines devoid of Mek2 function. The Mek2 homozygous
mutant mice are viable and fertile and no obvious phenotype can be
associated to the mutation. The proliferation rate and the reentry of
Mek22/2 MEF primary cells in the cell cycle in response to serum is
omparable to the ones observed for Mek21/1 MEFs. Further evi-
dence will be presented. (Supported by the Cancer Research Soci-
ety, Inc., of Canada and the CIHR.)
371. Abstract #371 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
372. A Misexpression Screen to Identify Novel Regulators of
Growth and Proliferation in Drosophila. R. E. Foulger, D. C. I.
Goberdhan, and C. Wilson. Research School of Biosciences,
Department of Biosciences, University of Kent, Canterbury,
Kent, CT2 7NJ, United Kingdom.
Cell proliferation and cell growth are tightly regulated during
development in order to determine both organ size and the overall
size of the organism. These processes are controlled both by
environmental factors and also by hormones and growth receptors.
Studies in Drosophila have highlighted an insulin receptor signal-
ng pathway highly homologous to the mammalian cascade, that
lays a unique in vivo role in regulating both cell size and number
n tissues. We have performed a misexpression screen, pioneered by
. Rørth, to identify novel molecules that affect cell growth when
verexpressed. In this preliminary strategy over 2000 EP lines,
robably representing at least 1000 different genes, were expressed
nder the control of wing-specific and eye-specific GAL4 drivers,
nd the resulting flies were screened for effects on patterning and
rowth of these organs. Over 100 lines exhibited a putative growth
henotype in the eye and/or in the wing. In a secondary screen
hese selected strains were crossed to further eye-specific and
s of reproduction in any form reserved.
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253SDB Meeting Abstractswing-specific GAL4 drivers. We are currently focusing on three
expression lines from this screen which affect organ and cell size in
the eye and wing. In multiple assays one of these lines acts
antagonistically to PTEN, a lipid phosphatase tumor suppressor
acting downstream of the insulin receptor, consistent with a
possible role in positively regulating insulin receptor signaling. The
insertion that drives overexpression in this line does not lie within
or close to any previously characterized Drosophila genes, although
atabase searches place a number of ESTs nearby. A detailed
olecular and genetic characterization of this line is currently in
rogress. Two other lines also regulate growth, but their effects are
ore tissue specific.
73. The Functions of the Proteoglycan Syndecan in Drosophila
Development. T. R. Heslip, K. H. Soanes, O. Marcu, and J. L.
Marsh. University of Calgary, Calgary, Alberta, T2N 4N1,
Canada; and University of California–Irvine, Irvine, Califor-
nia 92697.
A sensitized strain of Drosophila has been developed which is
eing used in a large-scale screen to identify new members of the
ingless signaling pathway. One of the genes identified in that
creen proved to encode UDPGDH (UDP–glucose dehydrogenase).
DPGH is essential for the production of glucuronate-containing
isaccharides which are the building blocks of heparan sulfate and
hondroitin sulfate GAGs. If the production of glucuronate is
locked, such as in UDPGDH null mutants, the core disaccharide
rom which heparan- and chondroitin sulfate-containing GAGs is
bsent. Mutations in this general metabolic gene and heparan
ulfate proteoglycans such as syndecan produce embryonic and
dult mutant phenotypes that suggest a specific block in wingless
ignaling. The genetic screen is continuing and the functional
nalyses of Syndecan during development indicate roles in several
ignaling pathways. These observations demonstrate that GAGs
nd proteoglycans are essential for growth factor signaling in vivo.
74. Are Wnts Ligands for Planar Polarity Signaling? Catriona Y.
Logan, Chi-Hwa Wu, Anup Aurora, Ken Cadigan, and Roel
Nusse. HHMI/Developmental Biology Department, B269
Beckman Center, Stanford University, Stanford, California
94305.
Planar polarity signaling in the Drosophila wing regulates the
roximal-to-distal orientation of hairs on the wing surface. The
eceptor Frizzled (Fz) and the cytoplasmic protein Dishevelled
Dsh) are mediators of this pathway. Fz and Dsh also function
uring canonical Wnt signaling in which Wnts act as activating
igands for Frizzleds. No Fz ligand has been identified for planar
olarity signaling thus far, but given that Wnts bind Fz during
anonical Wnt signaling, we hypothesized that Wnts may act as
igands during polarity signaling as well. Here, we show that
verexpression of a GPI-linked Fz extracellular cysteine-rich do-
ain (CRD) induces polarity defects in the wing. As the Fz CRD is
ufficient for Wnt binding to Frizzleds, this result suggests that
igand binding may regulate Fz activity for polarity signaling and
hat this ligand may be a Wnt. To test whether Wnts can act as
olarity ligands we overexpressed Wnts in wing tissues. One Wnt,
Wnt-4, induces polarity defects and the phenotype is suppressed
y the loss of Fz or Dsh. Several Wnts (including DWnt-4) are
xpressed at the wing margin during polarity signaling and overex-
ression of DWnt-4 in clones causes wing hairs to orient toward the
nt source. In vitro binding studies between Fz CRD and different
rosophila Wnts show that the affinity of Fz CRD for DWnt-4 is
Copyright © 2001 by Academic Press. All righthigher than that for any other Wnt tested so far. These data show
that Wnts are sufficient to induce polarization of wing cells and
suggest that Wnts may bind to Fz to regulate cell polarity. We are
currently testing the requirement for Wnts in this process.
375. GSK-3 Interactions with GBP and Axin in Early Xenopus
Development. Denise M. Ferkey and David Kimelman. De-
partment of Biochemistry, Box 357350, University of Wash-
ington, Seattle, Washington 98195.
The Wnt signal transduction pathway is important in a variety of
developmental processes, including establishment of the early
dorsal signaling center in Xenopus. A large body of evidence
indicates that this dorsal organizing center functions to locally
inhibit GSK-3 and thus upregulate b-catenin. Along with transcrip-
ion factors of the Lef/Tcf family, b-catenin then activates the
ranscription of dorsal-specific genes. It now appears that multiple
roteins with opposing effects converge on GSK-3 to regulate its
ctivity and thus cytoplasmic b-catenin levels. Specifically, GSK-3
is normally part of a large protein complex that includes Axin, and
this complex promotes GSK-3-mediated phosphorylation and deg-
radation of b-catenin. However, following fertilization GSK-3 is
nhibited dorsally, in part by GBP (GSK-3-binding protein). Since
BP and Axin compete for binding to GSK-3, we have screened for
utations in GSK-3 that eliminate binding to either GBP or Axin,
ut not both. We are using these mutants to further analyze the
ole of GSK-3, GBP, and Axin in early Xenopus development.
376. Abstract #376 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
377. Frizzled-Dependent Apoptosis in Xenopus Embryos. K. Itoh,
M. Lisovsky, and S. Y. Sokol. Department of Microbiology
and Molecular Genetics, Harvard Medical School and Mo-
lecular Medicine Unit, Beth Israel Deaconess Medical Center,
Boston, Massachusetts 02215.
Extracellular Wnt proteins act through Frizzled (Fz) receptors to
control cell fate and polarity during metazoan development. In
vertebrates, Fz signaling regulates target gene expression via a
b-catenin-dependent pathway, can activate intracellular Ca re-
lease, and is involved in morphogenetic movements during axis
extension. We report that Xfz8, a Fz homolog, is capable of
activating yet another pathway that leads to programmed cell death
in Xenopus embryonic ectoderm. Based on activation of caspase-3-
related proteases, DNA fragmentation, and the ability of Bcl2 to
suppress this effect, we conclude that the cell death is due to
apoptosis. This proapoptotic activity requires signaling by the
cytoplasmic tail of Xfz8, involves c-Jun N-terminal kinase and is
shared by a subset of Fz receptors. Dominant negative Dsh and TCF
constructs did not suppress Xfz8-mediated activation of caspases,
indicating that this pathway is distinct from already known signal-
ing pathways. To assess a possible role of Wnt/Fz in embryonic
apoptosis, we used extracellular stimulators and inhibitors of
Wnt/Fz signaling. Alteration of normal patterns of apoptosis was
observed in the brain and eye regions in response to Wnt proteins,
XfrzA, a secreted Fz-related protein, and ECD8, an extracellular
domain of Xfz8. Our findings suggest a novel function for Wnt/Fz
signaling in the regulation of apoptosis during vertebrate develop-
ment.
s of reproduction in any form reserved.
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254 Developmental Biology Volume 235, 2001378. PP2A and Its B56 Regulatory Subunit Inhibit Wnt Signaling
in Xenopus. J. M. Seeling, X. Li, H. J. Yost, and D. M. Virshup.
University of Utah, Salt Lake City, Utah 84112.
Wnt signaling requires several phosphorylation steps and results
in increased b-catenin abundance and transcription of Wnt-
responsive genes. Our previous work supports a role for PP2A
containing the B56 regulatory subunit as an inhibitor of Wnt
signaling. b-Catenin abundance is increased by a phosphatase
inhibitor and reduced by B56 expression; B56 also reduces tran-
scription of Wnt-responsive genes. These results suggest that PP2A
may act as a tumor suppressor. Others have found that the
phosphatase inhibitor okadaic acid is a tumor promoter and that
the A subunit of PP2A is mutated in multiple cancers, which also
suggest that PP2A acts as a tumor suppressor. However, another set
of studies suggest that PP2A activates Wnt signaling. We now find
that expression of B56, A, and C subunits of PP2A each rescued a
Wnt-induced secondary body axis in Xenopus embryos. The B56
nd A subunits also inhibited primary body axis formation. B56
as positioned downstream of GSK3b and axin and upstream of
b-catenin in the Wnt pathway by epistasis analyses, and PP2A A, C,
and B56 subunits coimmunoprecipitated with axin, suggesting that
PP2A:B56 is a component of the b-catenin degradation complex. In
ddition, expression of B56 enhanced b-catenin degradation in
Xenopus egg extracts. PP2A may not only promote b-catenin
degradation, but may be essential for it, since both phosphatase
inhibition and depletion blocked b-catenin proteolysis. PP2A, but
not PP1, reconstituted b-catenin degradation. These results sup-
port the hypothesis that PP2A:B56 inhibits Wnt signaling and
suggest that loss of PP2A function may play a role in developmen-
tal abnormalities and carcinogenesis.
379. Dpr, a Wnt Signaling Antagonist, Binds to the Dsh PDZ
Domain and Colocalizes with Dsh. Benjamin N. R.
Cheyette,* Jeffrey R. Miller,† Natasha Khlebtsova,‡ Ken-Ichi
Takemaru,† Laird C. Sheldahl,† Joshua S. Waxman,† Thomas
Earnest,‡ and Randall T. Moon.† *Department of Psychiatry
and Behavioral Sciences and †HHMI and Department of
Pharmacology, University of Washington School of Medicine,
Seattle, Washington 98195; and ‡Macromolecular Crystallog-
raphy Facility, Lawrence Berkeley National Laboratory,
Berkeley, California 94720.
A two-hybrid screen for proteins interacting with the Xenopus
Dishevelled (Dsh) PDZ domain resulted in the isolation of Dapper
(Dpr). Dpr is conserved in vertebrates, with a leucine zipper near its
amino terminus and a PDZ-binding motif at its carboxyl terminus.
Crystallographic and biochemical studies demonstrate that Dsh
interacts with Dpr through hydrogen bonds between the Dsh PDZ
domain and the main-chain carbons of the Dpr carboxyl terminus.
Immunocytochemistry against overexpressed epitope-tagged as
well as endogenous Dpr reveals that the protein has a punctate
cytoplasmic and diffuse nuclear distribution. Dpr and Dsh colocal-
ize intracellularly in the absence of ectopic Wnt activity, but only
Dsh translocates to the membrane in response to Wnt signaling.
Dpr overexpression inhibits Wnt signaling in Xenopus embryos and
in mammalian tissue culture cells. Reduction in Dpr expression
activates Wnt signaling in tissue culture cells and in Xenopus
animal caps. In Xenopus embryonic development, reduction in
maternal Dpr leads to loss of notochord and head, which is
characteristic of ectopic Wnt activity, whereas overexpression of
Dpr leads to overspecification of dorsal/anterior axial structures, s
Copyright © 2001 by Academic Press. All rightwhich is characteristic of ectopic inhibition of Wnt/b-catenin
signaling (see abstract for Waxman et al.).
380. Withdrawn.
381. Derepression of Nodal Signaling by FoxD3 Is Essential for
Xenopus Mesoderm Formation. M. J. Engleka, J. Lefebvre, S.
Yaklichkin, A. Steiner, E. J. Craig, P. A. Labosky, and D. S.
Kessler. University of Pennsylvania School of Medicine,
Philadelphia, Pennsylvania 19104.
FoxD3 is a member of the forkhead family of transcriptional
regulators that is first expressed in Spemann’s organizer. In ecto-
dermal explants, FoxD3 induced mesodermal markers, convergent
extension movements, and differentiation of somitic muscle, no-
tochord, and neural tube. In embryos, FoxD3 induced formation of
ectopic axial structures containing muscle, notochord, and neural
tube. The transcriptional activity of FoxD3 required for mesoderm
induction was determined by fusing defined transcriptional regu-
latory domains to the FoxD3 winged helix DNA-binding domain.
Like native FoxD3, Engrailed–FoxD3 strongly induced mesoderm,
while VP16–FoxD3 and NFkB–FoxD3 did not, suggesting that
oxD3 functions as a transcriptional repressor in mesoderm induc-
ion. Therefore, Xenopus mesoderm formation may involve tran-
criptional repression of a broadly expressed inhibitor of mesoderm
nduction. To determine the requirement for FoxD3 in mesodermal
evelopment, embryos were injected with activator fusions that
ntagonize FoxD3 function or morpholino antisense oligonucleo-
ides that inhibit FoxD3 translation. FoxD3 loss-of-function re-
ulted in severe defects in mesoderm formation and a complete
lock of axis formation, indicating that transcriptional repression
y FoxD3 is essential for mesodermal development. In addition,
oxD3 induced Nodal-related gene expression and inhibitors of
odal signaling blocked mesoderm induction by FoxD3. The
esults suggest that FoxD3 promotes Nodal expression and/or
unction, thus regulating formation of embryonic mesoderm.
82. Amnionless, an Essential Gene for Mouse Gastrulation, En-
codes a Visceral Endoderm-Specific Protein with an Extracel-
lular Cysteine-Rich Domain. S. Manning, S. Kalantry, R. Rivi,
F. Lupu, and E. Lacy. Sloan-Kettering Institute, New York,
New York 10021.
Fate mapping experiments in the mouse reveal that the primi-
ive streak can be divided into three functional regions. The
roximal region gives rise to germ cells and the extraembryonic
esoderm of the yolk sac; the distal region generates cardiac
esoderm and node-derived axial mesendoderm; and the middle
treak region produces the paraxial, intermediate, and lateral plate
esoderm of the trunk. To gain insight into the mechanisms that
ediate the assembly of the primitive streak into these functional
egions, we have cloned and functionally identified the disrupted
ene in amnionless (amn), a recessive, embryonic lethal mutation
hat specifically interferes with the formation/specification of the
iddle primitive streak region during gastrulation. We have found
hat Amn encodes a novel type I transmembrane protein that is
xpressed exclusively in the extra-\embryonic visceral endoderm
ayer during gastrulation. Intriguingly, the extracellular region of
he Amn protein contains a cysteine-rich domain with similarity to
MP-binding cysteine-rich domains in Chordin, its Drosophila
omologue, Short gastrulation, and Procollagen IIA. These findings
uggest that Amn may direct the production of middle streak-
s of reproduction in any form reserved.
255SDB Meeting Abstractsderived trunk mesoderm by acting in the underlying visceral
endoderm to modulate a BMP signaling pathway. Two additional
sites of Amn expression have been identified in the mouse: kidney
proximal tubules during organogenesis and in the adult and intes-
tinal epithelium during organogenesis. Intriguingly, all three sites
of Amn expression—visceral endoderm, proximal tubule, and in-
testinal epithelium—represent polarized epithelia specialized for
resorption, transport, and secretion. Additionally we have recently
identified a Drosophila homologue of Amn that is also expressed in
a fly cell type specialized for resorption and secretion. These
findings indicate that Amn likely plays an evolutionarily conserved
role in the development, differentiation, and/or function of these
polarized epithelia. Through developmental, genetic, and bio-
chemical strategies we seek to define the role of Amn in these
specialized cells and to determine whether that role involves
interactions with BMP signaling pathways.
383. The Zebrafish umleitung Locus Affects hh Signaling and
Forebrain Patterning. Oksana Tyurina and Rolf Karlstrom.
University of Massachusetts, Amherst, Massachusetts 01003.
The zebrafish hh pathway mutants sonic-you (syu), you-too
(yot), and detour (dtr) result in differentiation defects in the ventral
forebrain (FB) that include the hypothalamus and anterior pituitary
anlage (APA). yot(gli2) and syu(shh) mutations cause defects in
somite formation (U-shaped somites), while somites in dtr mutant
embryos are normal. We are characterizing another axon guidance
mutant called umleitung (uml). Similar to yot, dtr, and syu, retinal
and commissural axons fail to cross the ventral midline of the
diencephalon in uml mutants. The APA is reduced or absent in all
four mutants. Expression of the hh target gene nk2.2 is regionally
absent in uml mutants in a way similar to other hh mutants.
However nk2.2 expression in the hypothalamus and midbrain is
more reduced in uml than in dtr and yot mutants, suggesting that
the uml mutation blocks hh signaling more severely in these
regions. The expression of the FB markers, nk2.1b and dlx2 are also
regionally absent in uml mutants. This uml phenotype is close to
the syu phenotype and much stronger than the dtr and yot
phenotypes. No additional phenotypes seen in uml/dtr and uml/
yot double mutants, consistent with the idea that uml may act in
the same genetic pathway as dtr and yot. Overexpression of Shh
induces nk2.2 transcription in uml mutants, but at the lower level
than in wild-type embryos. Thus uml partially blocks Shh signal
transduction. We are pursuing further an analysis of the uml locus
to better understand the role of hh signaling in FB patterning and
axon guidance.
384. Sonic Hedgehog Signaling Is Required for Formation of the
Dorsal Aorta. Andreas M. Vogel, Nathan D. Lawson, and
Brant M. Weinstein. Laboratory of Molecular Genetics,
NICHD, NIH, Bethesda, Maryland.
The zebrafish provides unique opportunities for studying the
formation of embryonic blood vessels. We have used the zebrafish
to examine the mechanisms underlying specification and arterial–
venous differentiation of the major axial vessels of the vertebrate
trunk, the dorsal aorta, and posterior cardinal vein. We have found
that the well-characterized Hedgehog signaling pathway plays a
novel and important role in the formation of these vessels. By
examining “you-type” Hedgehog pathway mutants in the ze-
brafish, and by experimentally manipulating Hedgehog signaling in
vivo, we have found that Sonic Hedgehog (Shh) signaling is neces-
sary for specification of the dorsal aorta. In the absence of Shh
Copyright © 2001 by Academic Press. All rightsignaling the dorsal aorta fails to form, and only a single large
venous posterior cardinal vein is present in the trunk. In contrast,
ectopic activation of Shh signaling leads to apparent “arterializa-
tion” of trunk venous endothelial cells. Our findings demonstrate
that Hedgehog signaling is required for formation of the dorsal
aorta and underscore the complexity of mechanisms guiding em-
bryonic blood vessel formation.
385. Abstract #385 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
386. A Screen to Identify Indian Hedgehog Target Genes Involved
in Bone Formation. M. Wenzel,* S. Schneider,* W. Gaffield,†
and A. Vortkamp.* *Max-Planck-Institute fuer Molekulare
Genetik, 14195 Berlin, Germany; and †Western Regional
Research Center, ARS, USDA, Albany, California 94710.
Indian hedgehog (Ihh) is one key regulator controlling the pace of
chondrocyte differentiation during endochondral ossification. The
phenotype of Ihh-null mice gave insights in other possible Ihh-
dependent processes, for example, the regulation of bone forma-
tion, the proliferation of chondrocytes, and the proper organization
of growth plates. In our screening appoach, we used an in vitro limb
culture system. With this method we are able to treat E14.5 dpc
anlagen of mouse forelimbs with defined supplements. In previous
studies it has been shown that the alkaloid cyclopamine is a potent
inhibitor of Sonic hedgehog (Shh) signaling. Here, we prove that
this is also true for signaling systems where Ihh is involved. In
cyclopamine-treated cultures we found evidence for this by inhib-
ited expression of the Ihh receptor patched (Ptc) and parathyroid-
hormone-related protein (PTHrP), which are known to be posi-
tively regulated by Ihh. Other effects of this drug are acceleration in
the differentiation rate of chondrocytes and inhibition of prolifera-
tion. The effects of cyclopamine can be rescued by additional
treatment with PTHrP, confirming the model of the Ihh/PTHrP
feedback loop. cDNA obtained from cyclopamine-treated limbs
was then compared with cDNA from limbs treated with Shh
protein. The differentially expessed cDNAs were cloned and
screened for specific expression patterns by in situ hybridization. A
way to give insight into functions of these genes will be misexpres-
sion using the retroviral RCAS system in chicken. The results of
this study will give deeper insights into the network of develop-
mental processes controlled by Ihh.
387. Interaction of Ihh, BMP, and FGF Signaling during Chondro-
cyte Differentiation. E. Minina, C. Kreschel, M. Wenzel, and
A. Vortkamp. Max-Planck-Institute for Molecular Genetics,
14195 Berlin, Germany.
During endochondral bone development, Indian hedgehog (Ihh)
and Parathyroid-hormone-related protein (PTHrP) regulate chon-
drocyte maturation via a negative feedback loop. Bone morphoge-
netic proteins (BMPs) of the TGF-b superfamily and fibroblast
growth factors (FGFs) are supposed to interact with the Ihh/PTHrP
pathway. To analyze the relationship between the Ihh/PTHrP,
BMP, and FGF signaling pathways, we used an organ culture
system of embryonic mouse and chicken limbs supplemented with
BMP2, Noggin, PTHrP, Shh, FGF2, and cyclopamine (inhibitor of
Hedgehog signaling). Additionally, we used a transgenic mouse
overexpressing chicken Ihh under control of the Col-II promoter.
Treatment of Ihh transgenic mouse cartilage elements with the
s of reproduction in any form reserved.
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256 Developmental Biology Volume 235, 2001BMP inhibitor Noggin could not restore the normal Ihh expression
and PTHrP expression seems to be mostly unchanged. In the
inverse experiment the increased chondrocyte maturation after
cyclopamine treatment could not be suppressed with BMP2. The
same results were demonstrated for chicken. In summary, we
found that BMP signaling is not involved in the Ihh/PTHrP
feedback loop although it plays a role in the regulation of hyper-
trophic differentiation. We have shown also that for proper pace of
chondrocyte proliferation, both BMP and Ihh signaling are required
and that they are acting in parallel. Additionally, we investigated
the role of FGF signaling in proliferation and hypertrophic differ-
entiation. We found that FGF signaling negatively regulates chon-
drocyte proliferation, acts independent of the Ihh/PTHrP feed back
loop, and antagonizes BMPs in regulation of chondrocyte differen-
tiation.
388. A Screen to Identify New Genes Involved in the Development
of Skeletal Elements. K-G. Lintermann, S. Schneider, and A.
Vortkamp. Max-Planck-Institut fuer Molekulare Genetik,
14195 Berlin, Germany.
During embryonic development the appendicular skeleton is
ormed by endochondral ossification. This process starts with
esenchymal cells that condense to form a cartilage model.
hereas the chondrocytes in the distal parts remain proliferative,
he cells in the center start differentiating to become hypertrophic
ells. These cells finally die by apoptosis and are subsequently
eplaced by bone.Thus, the development of skeletal elements
nvolves a tight regulation of different processes like proliferation,
ifferentiation, and apoptosis. Using subtractive approaches we are
urrently screening for genes which are expressed specifically in
he chondrogenic elements of mouse limbs during embryonic
evelopment. Here we show the expression pattern of one candi-
ate, called PERP (p53 apoptosis effector related to PMP-22), that
e isolated in a subtractive screen. PERP is a member of the
as3/PMP-22 protein family characterized by tetraspan transmem-
rane proteins which are involved in cell cycle control, apoptosis,
nd swann cell function. PERP is a direct target of the tumor
uppressor p53 and induces apoptosis if overexpressed in fibroblasts
L. D. Attardi, et al., 2000, Genes Dev. 14, 704–718). In developing
keletal elements PERP is specifically upregulated during the early
tage of hypertrophic differentiation. We compared embryonic
xpression patterns of PERP, p53, and its homologue p63 using in
itu hybridization on sections and whole embryos. Interestingly,
ERP and p63 but not p53 are stongly expressed in the apical
ctodermal ridge, a thickened epithelium located at the tip of the
eveloping limbbud which is required for proper outgrowth. We
ill analyze PERP expression in p63 knockout mice to test if PERP
s a p63 target in vivo. To adress the function of PERP we are
urrently missexpressing PERP in developing chicken limbs using
replication-competent retrovirus, RCAS.
89. Tissue-Specific Knockout Shows That BMP Signaling Is Re-
quired for Articular Cartilage Maintenance in Vertebrate
Joints. R. B. Rountree,* M. Schoor,* M. Marks,* Y. Mishina,†
and D. Kingsley.* *Department of Developmental Biology,
HHMI and Stanford University, Stanford, California 94305;
and †Laboratory of Reproductive and Developmental Toxicol-
ogy, NIEHS/NIH, Research Triangle Park, North Carolina
27709.
Vertebrate joint formation is poorly understood at the molecular
evel. Gdf5 is one of the most specific markers known for early r
Copyright © 2001 by Academic Press. All rightoint formation and is required for normal joint and skeletal
evelopment in both mice and humans. Many other genes are also
xpressed in joints, but have not been tested for a role in joint
evelopment because null mutations cause early embryonic lethal-
ty. To bypass this problem, we have used Gdf5 regulatory se-
uences to drive expression of Cre recombinase specifically in
eveloping joints of transgenic mice. Control experiments show
hat the Gdf5–Cre constructs drive specific and nearly complete
ecombination of targets in joints, providing a general method to
ctivate or inactivate other genes in articular regions. We have used
his system to test the role of the bone morphogenetic protein
eceptor-IA (BMPR-1A/ALK-3) gene in joint development. Al-
hough null mutations in the gene cause early embryonic lethality,
issue-specific knockout with the Gdf5–Cre mice produce viable
ice born with normal appearing bones and joints. In the first
everal weeks after birth, the articular cartilage of BMPR-1A
utant mice fails to be maintained, giving rise to abnormal tissue
ifferentiation at the articular surface, joint space narrowing, and
ecreased joint mobility. These results provide strong genetic
vidence that signaling through the BMPR-1A receptor is required
or normal maintenance of articular cartilage in vertebrate joints.
90. Endogenous Patterns of BMP Signaling during Chicken De-
velopment. Pascal de Santa Barbara,* Sandrine Faure,† Mal-
colm Whitman,† and Drucilla J. Roberts.* *Department of
Pathology, Massachusetts General Hospital; and †Depart-
ment of Cell Biology, Harvard Medical School, Boston, Mas-
sachusetts 02114.
Bone morphogenetic proteins (BMPs) are secreted signaling mol-
cules that belong to the transforming growth factor (TGFb)
superfamily. Pathway specific Smad proteins have been identified
as intracellular transducers of the TGFb superfamily ligands. Upon
MP stimulation, Smad1/Smad5/Smad8 are phosphorylated by
MP-activated receptors. After association with Smad4, a non-
eceptor-phosphorylated Smad, the complex translocates into the
ucleus to regulate specific gene expression. We previously impli-
ated Bmp4 as controlling growth and differentiation of the gut
usculature. Bmp4 is not expressed in the developing stomach
usculature but is expressed in the rest of the gut. We showed that
he candidate gene Bapx-1 for the inhibitory expression of Bmp4 in
he stomach is able in vivo to repress Bmp4 expression in the gut.
ven though overexpression experiments have implicated BMP
ignaling pathways in embryogenesis and organogenesis in chick,
he endogenous patterns of BMP signaling have not been reported.
n this study, we use the characterized antibodies specific for the
hosphorylated and activated form of Smad1/Smad5/Smad8 to
xamine endogenous patterns of BMP signaling during early
hicken embryogenesis. Using these antibodies in the developing
ut, we confirm that there is no activation of BMP signaling in the
tomach musculature. Moreover, we shown that Bapx-1 gut misex-
ression specifically down-regulates Bmp pathway and perturbs
eural crest gut colonization. Implications of Bmp signaling in
egaduodenum and megacolon syndromes are discussed.
91. A Novel Cleavage Site within Pro-BMP-4 Regulates the
Bioactivity and Signaling Range of the BMP-4 Ligand. Yan-
zhen Cui, Linnea Berg, Renee Hackenmiller, Takuya Na-
kayama, Francois Jean, Gary Thomas, and Jan Christian.
Oregon Health Sciences University, Portland, Oregon 97201.
The signaling range of bone morphogenetic protein-4 (BMP-4) is
egulated in a tissue-specific fashion during embryonic develop-
s of reproduction in any form reserved.
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257SDB Meeting Abstractsment. Recent studies in our lab using have shown that the BMP-4
precursor protein is sequentially cleaved at two sites within the
inactive prodomain: initially at a site adjacent to the mature ligand
domain and subsequently at an upstream site within the inactive
prodomain. This ordered proteolysis regulates the activity and
signaling range of the mature ligand. In Xenopus embryonic ecto-
derm, mutations that result in simultaneous cleavage at both sites
of pro-BMP-4 greatly increase the activity of the morphogen at
distal sites, while mutations that abolish the second cleavage
decrease the activity of BMP-4. Differential use of cleavage sites in
the precursor protein may represent a novel mechanism for regu-
lation of the activity and signaling range of BMP-4. To evaluate the
role of proper BMP-4 cleavage in a physiological setting, we have
generated a BMP-4 cleavage mutant “knock-in” mouse. The char-
acterization of these mice will further our understanding of how
proteolysis can regulate the activity of cell–cell signaling mol-
ecules such as BMP-4.
392. Calmodulin-Dependent Protein Kinase IV-Mediated Antago-
nism of BMP Signaling Regulates Lineage Commitment and
Survival of Hematopoietic Progenitors. G. A. Wayman, M. J.
Walters, J. C. Notis, R. H. Goodman, T. R. Soderling, and J. L.
Christian. Vollum Institute and the Department of Cell and
Developmental Biology, Oregon Health Sciences University,
Portland, Oregon 97201.
In the current study, we show that bone morphogenetic proteins
(BMPs) play a role in hematopoiesis that is independent of their
function in specifying ventral mesodermal fate. When BMP activity
is upregulated or inhibited in Xenopus embryos hematopoietic
precursors are specified properly but few mature erythrocytes are
generated. Distinct cellular defects underlie this loss of erythro-
cytes: inhibition of BMP activity induces erythroid precursors to
undergo apoptotic cell death whereas constitutive activation of
BMPs causes commitment of hematopoietic progenitors to my-
eloid differentiation at the expense of erythrocytes. These blood
defects are observed even when BMP activity is misregulated solely
in nonhematopoietic (ectodermal) cells, demonstrating that BMPs
generate extrinsic signals that regulate lineage commitment and
survival of erythroid precursors independent of mesodermal pat-
terning. Further analysis revealed that endogenous calmodulin-
dependent protein kinase IV (CaM KIV) is required to negatively
modulate hematopoietic functions of BMPs downstream of recep-
tor activation. Our data are consistent with a model in which CaM
KIV inhibits BMP signals by activating a substrate, possibly cAMP
response element-binding protein (CREB), that recruits limiting
amounts of CREB-binding protein (CBP) away from transcriptional
complexes functioning downstream of BMPs.
393. Abstract #393 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
394. Control of Cell Growth and Differentiation by TGFb-Related
Signaling in Caenorhabditis elegans. C. Savage-Dunn, R.
Tokarz, and L. Yu. Department of Biology, Queens College,
CUNY, Flushing, New York 11367.
In the nematode Caenorhabditis elegans, a TGFb-related signal-
ing pathway regulates body size and male tail morphogenesis.
Mutations in dbl-1 ligand, sma-6 type I receptor, daf-4 type II
receptor, and sma-2, sma-3, and sma-4 Smads result in similar e
Copyright © 2001 by Academic Press. All rightdefects. Mutants hatch at about the same size as wild type, but
grow more slowly and are half the normal size at adulthood. The
defect in body size is not due to a reduction in cell number, but to
reduced cell size. Cell and organ size measurements show that not
all tissues are reduced in size by equal proportions. We have used
mosaic analysis of sma-3 Smad to identify the target tissues
involved in this signaling pathway. sma-3 activity in the hypoder-
is is necessary and sufficient for normal body size. In the male
ail, defects in patterning result in fusions of sensory rays 4 and 5,
and 7, and 8 and 9. To identify additional players in this signaling
athway, a genetic screen for Small mutants was done (C. Savage-
unn and R. W. Padgett, unpublished). In this screen, four alleles of
novel gene sma-9 were isolated. sma-9 mutants have defects in
ody size and the male tail, but in each case, the sma-9 phenotype
iffers slightly from that of the other mutants. In body size, young
ma-9 larvae have the same size and growth rate as TGFb Sma
mutants, but later their growth rate increases to a wild-type rate. In
the male tail, sensory ray fusions are seen between rays 8 and 9, but
never between rays 4 and 5 or rays 6 and 7. Based on the phenotypic
analysis, we suggest that sma-9 is a cofactor or modulator of the
TGFb pathway. To understand better how sma-9 interacts with the
signaling pathway, we are analyzing double mutants between
sma-9 and TGFb Sma mutants. We have also initiated a molecular
nalysis of sma-9, by mapping the gene in preparation for positional
loning.
95. SNT-1 Is a Component of the FGF Pathway That Functions
during Xenopus Development. J. Hama, M. Goldfarb, and
D. C. Weinstein. Mount Sinai School of Medicine, New York,
New York 10029.
Fibroblast growth factor (FGF) activity has been implicated in a
umber of developmental processes in the early vertebrate embryo,
ncluding mesoderm formation and neural patterning. A primary
nterest of our laboratory is the elucidation of the signaling
ascades triggered by FGF receptor activation during early devel-
pment of the frog, Xenopus laevis. We report here the character-
zation of SNT-1, a scaffolding protein previously implicated in
GF-mediated neurite outgrowth in PC12 cells. Xenopus snt-1 is
idely expressed during early development. Ventral ectodermal
xpression of SNT-1 produces tadpoles with multiple tails, while
orsal ectodermal expression results in tadpoles that lack eyes and
ther anterior structures. SNT-1 induces ventrolateral mesoderm
n animal caps; this activity is completely blocked by coexpression
f a dominant-inhibitory Ras construct, suggesting that SNT-1
unctions as a component of the signaling pathway activated by
GF. SNT-1 directly interacts with Laloo, a Src-related kinase
hown previously to function downstream of the FGF receptor.
iochemical and functional assays were used to determine the
egions of interaction between SNT-1 and Laloo.
96. Regulation of fgf-19: Signaling Hierarchies Controlling Otic
Development. R. K. Ladher, P. H. Francis-West, and G. C.
Schoenwolf. Department of Neurobiology and Anatomy, Uni-
versity of Utah School of Medicine, 50 North Medical Drive,
Salt Lake City, Utah 84132.
The fibroblast growth factor family member fgf-19 plays a key
ole in the induction of the chick otic placode. Its localized action
n the paraxial mesoderm just cranial to the first somite induces
he localized expression of wnt-8c in the overlying neural ecto-
erm. This in turn signals to adjacent, more lateral, nonneural
ctoderm and, in synergy with fgf-19, induces early otic markers
s of reproduction in any form reserved.
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258 Developmental Biology Volume 235, 2001such as Dlx-5, Pax-2, and Nkx 5.1. To elucidate the very earliest
steps in otic development, we investigated the tissue interactions
and putative signaling molecules responsible for the correct posi-
tioning of fgf-19 in the mesoderm. Our results indicate that tissue
nteractions are important for regulating fgf-19 expression. In
articular, the endoderm provides cues that are important for the
nduction or maintenance of fgf-19. Other tissue interactions have
lso been addressed and will be discussed. We also describe
reliminary data assessing both the otic-inducing and the fgf-19-
nducing capabilities of candidate signaling molecules, particularly
ther members of the fibroblast growth factor family. (This work
as been supported by Grant DC04185 from the National Institutes
f Health.)
97. Insulin-like Growth Factors Promote Somite Myogenesis in
the Avian Embryo. J. C. Kiefer, A. Pirskanen, and S. D.
Hauschka. University of Wahington, Seattle, Washington
98195.
All body skeletal muscle is derived from the somite. Experi-
ents have shown that extracellular signals from the neural tube
nd notochord, such as Wnts and Shh, respectively, are important
or directing somite myogenesis. Despite extensive work demon-
trating that IGFs can induce myoblast differentiation in vitro,
ittle is known about the role of IGFs in somite myogenesis. In situ
ybridizations show that in day 2 chicken embryos, the IGF-I
eceptor and IGF-II are expressed in the dorsal somite, where
uscle precursors reside. IGF-II is also expressed in the neural
ube. This demonstrates that the IGF-II and its receptor are
xpressed appropriately to participate in myogenesis in vivo. We
ave also found that IGF-I and II promote myogenesis in somite
xplants and that IGFs interact synergistically with Shh to promote
ven higher levels of myogenesis. Furthermore, blocking antibodies
gainst IGFs and the IGF receptor were able to reduce the amount
f myogenesis induced in neural tube/somite cocultures. These
ata suggest that IGFs are an important player in myogenesis and
hat they, along with other signaling molecules, cooperate to direct
yogenesis. Current work is focusing on determining the myo-
enic targets of IGF. We are also investigating a possible role in
yogenesis for the IGF binding proteins, which are modulators of
GF signaling.
98. The Mouse Gastrulation Mutant lazy mesoderm: A Novel
Component of the FGF Pathway? M. J. Garcı´a-Garcı´a and
K. V. Anderson. Memorial Sloan-Kettering Institute, RRL-
1037, 1275 York Avenue, Box 193, New York, New York
10021.
The mutant line lazy mesoderm (lzme) was found in an ENU
creen for recessive mutations causing morphological defects in the
idgestation mouse embryo. Homozygous embryos for the lzme
ocus arrest during gastrulation with a characteristic morphology:
he proamniotic cavity is filled with a mass of cells attached to the
osterior side of the epiblast. This phenotype resembles that of
utants for two known components of the FGF pathway: Fgf8 and
FGFR-1. The phenotypes of those mutations have been attributed
to the failure of proper cell migration of mesodermal cells through
the primitive streak. Phenotypic analysis supports the possibility
that the lzme gene is a component of the FGF signaling pathway.
Analysis of lzme embryos reveals that ectopic cells in the proam-
niotic cavity do have a mesodermal identity, as described for those
of FGF pathway mutants: they have a mesenchymal morphology
and they express some early mesodermal markers such as Wnt3.
Copyright © 2001 by Academic Press. All rightHowever, the expression profile of mesodermal markers in lzme
embryos is different from that seen in Fgf8 mutants. Interestingly,
some markers for the primitive streak, including T, are only weakly
expressed. Thus, the lzme mutation could not only affect cell
migration, but also cell identity in gastrulating embryos. Because of
these differences, the analysis of the lzme phenotype could shed
light on previously unidentified roles of FGF pathway in mesoderm
specification. lzme maps to an interval on chromosome 5 where
there are no characterized genes that affect gastrulation. Work
toward the positional cloning of lzme gene is in progress.
399. A Quantitative Relationship Exists between the Number of
Functional PDGFRb Signaling Pathways and the Formation
of Pericytes. Michelle D. Tallquist and Philippe Soriano.
Program in Developmental Biology and Division of Basic
Sciences, Fred Hutchinson Cancer Research Center, Seattle,
Washington.
The platelet-derived growth factor receptor-b (PDGFRb) is a
yrosine kinase that upon ligand binding induces a variety of
ellular responses including, proliferation, migration, and cytoskel-
tal rearrangement. In mice, the PDGFRb is required for the
evelopment of pericytes, a type of vascular smooth muscle cell
VSMC), and loss of the receptor leads to hemorrhaging and
erinatal death. Although PDGFRb signaling pathways and their
ownstream cellular effects have been extensively studied in cells
n culture, little is known about the signaling requirements of
DGFRb-expressing VSMC in vivo. To elucidate the role of specific
signaling pathways induced by the b receptor, we have created an
llelic series of PDGFRb signaling point mutants by gene targeting
in the mouse. These alleles contain disruptions in one, two, four, or
all signal transduction pathways downstream of the receptor. The
effector pathways examined were PI3-kinase, RasGAP, SHP-2, and
PLCg. The formation of pericytes was analyzed in this allelic
series, and we observed a direct correlation between the number of
intact signaling pathways and the emergence of pericytes during
embryogenesis. Reduction in the number of downstream pathways
resulted in fewer pericytes when compared to the wild-type em-
bryos, but only mice homozygous for the null allele died perina-
tally. These data suggest that each signaling pathway may have a
quantitative rather than qualitative effect on cellular function and
that in the context of an organism, multiple signals may be
disrupted without completely debilitating PDGFRb function in
VSMC.
400. Withdrawn.
401. Abstract #401 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
402. Gene Expression Database for the Laboratory Mouse. D. A.
Begley, J. T. Eppig, T. Hayamizu, D. P. Hill, J. Kadin, I. J.
McCright, J. Richardson, C. Smith, and M. Ringwald. The
Jackson Laboratory, Bar Harbor, Maine 04609.
The Gene Expression Database (GXD) is a community resource
of gene expression information for the laboratory mouse. GXD is
designed to store and integrate data from many types of expression
assays in different mouse strains and mutants and to make this
data available in formats appropriate for thorough analysis. Expres-
sion patterns are described using a comprehensive anatomical
s of reproduction in any form reserved.
259SDB Meeting Abstractsdictionary of the developing mouse embryo established in collabo-
ration with the 3D atlas project in Edinburgh, United Kingdom, and
standardized annotations complemented with digitized images of
the original expression data. GXD is fully integrated with the
Mouse Genome Database (MGD) to enable a combined analysis of
genotype, expression, and phenotype information. Participation in
the Gene Ontology Project provides standardized search terms to
identify genes involved with specific molecular functions, biologi-
cal processes, and cellular components. The database is updated
and new expression data are made available on a daily basis. GXD
currently includes the Gene Expression Index, a searchable index of
expression literature for mouse development; in situ hybridization,
immunohistochemistry, RT-PCR, and Northern and Western blot
data obtained from the literature; and mouse cDNA and EST data.
We have developed the Gene Expression Notebook (GEN), an
electronic notebook designed to organize expression data in the
laboratory and to directly submit data to GXD. Increased electronic
submissions will significantly enhance the utility of GXD as a
community resource. GXD is freely available at http://
www.informatics.jax.org.
403. A Computational Approach to the Dissection of Genetic
Regulatory Networks Involved in Metazoan Development.
M. S. Halfon,* Y. Grad,† G. Church,† and A. M. Michelson.*
*HHMI and Brigham & Women’s Hospital and †Harvard
Medical School, Boston, Massachusetts 02115.
A major step in elucidating the genetic regulatory networks that
mediate development is the identification of transcriptional en-
hancers that integrate multiple intercellular signals. We recently
characterized one such enhancer, the MHE, that regulates expres-
sion of even skipped in the Drosophila embryonic dorsal meso-
derm. The MHE contains binding sites for a specific combination of
three signal-activated and two tissue-restricted transcription fac-
tors. Is the same enhancer architecture shared by other genes
expressed in the dorsal mesdoderm? We addressed this question
computationally by searching the fly genome for noncoding se-
quences containing all five MHE binding site motifs within a
500-bp window, such that any site present multiple times in the
MHE was present at least twice. The screen identified 30 genomic
regions in addition to the MHE, one of which is located in the first
intron of heartbroken (hbr), a gene with well-characterized dorsal
mesodermal expression. Like the MHE, the hbr intronic element
functions as a dorsal mesodermal enhancer and is well conserved in
the distant species Drosophila virilis. Using the AlignACE pro-
gram, we identified four new sequence motifs that are likely to
represent binding sites for additional transcription factors. Detailed
understanding of a single enhancer is thus sufficient to facilitate
genome-wide discovery of related enhancers and the genes they
regulate. This approach offers significant opportunities for extend-
ing our knowledge of the combinatorial codes and genetic regula-
tory networks that govern embryonic development.
404. Abstract #404 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
405. Microarrays in Neural Stem Cell Systems. F. C. Mansergh,
S. E. Minnema, M. A. Wride, J. M. Somani, J. E. Hance, S.
Weiss, and D. E. Rancourt. Department of Biochemistry and
Molecular Biology, University of Calgary, Calgary, Alberta
T2N 4N1, Canada.
Copyright © 2001 by Academic Press. All rightPrior utilization of a subtractive hybridization strategy has
allowed us to isolate 604 nonredundant ESTs from ES cells under-
going neural differentiation. Of these, 279 were novel or uncharac-
terized, and 325 matched previously characterized genes, a high
proportion of which were developmentally and/or neurally ex-
pressed. Novel tools, such as the use of microarrays and/or gene
chips, promise to yield valuable information with regard to gene
expression patterns in systems such as ours. In collaboration with
the Ontario Cancer Institute (OCI), our ESTs were therefore
arrayed on glass slides. Arrays were subsequently probed with Cy3-
and Cy5-labeled RNAs from various ES cell and neural stem cell
sources. Using QuantArray(GSI Lumonics) software, scatter plots
were generated, and tabulated data were exported to Microsoft
Excel for subsequent analysis. After appropriate normalization and
background subtraction, significantly up- or down-regulated clones
from the arrays were selected for further analysis. We have also
expanded the number of genes we are studying utilizing the
Research Genetics GF400 mouse array. RNAs from various ES cell
and neural stem cell systems have been studied using these arrays
in conjunction with Pathways 3 software (Research Genetics).
Several clones resulting from these screens have been investigated
further using a combination of bench (RNase protection assay,
Northern blot, in situ hybridization) and bioinformatic analyses
(UniGene clustering, ORF finding, functional domain/motif iden-
tification). Clones of interest, in particular transcription factors
containing Zinc finger domains, have been selected for further
research.
406. Expression Profile Analysis to Dissect Genetic Mechanisms
of Neural Crest Development. S. K. Loftus, L. L. Baxter, D. M.
Larson, and W. J. Pavan. National Human Genome Research
Institute, National Institutes of Health, Bethesda, Maryland
20892.
Expression profiling using cDNA microarrays has allowed for
the analysis of gene expression data on a genome size scale. We
have generated a neural crest–melanocyte (NC-M)-enriched cDNA
microarray containing 4356 ESTs that are expressed at various
stages of neural crest development. RNA from 15 cell lines was
compared including 11 melanoma lines with varying levels of
NC-M differentiation. Hierarchical clustering analysis identified
over 72 genes with an expression profile that correlated expression
with pigmentation level. Within this cluster are 41 previously
characterized genes, 8 which are known to be involved in NC-M
development and/or function. The remaining 31 ESTs represent
novel genes that have not yet been assessed in neural crest
development. This collection of genes will be evaluated for their
role in neural crest development and as candidate genes for neural
crest diseases.
407. Combinatorial Regulation of LIM Homeodomain Transcrip-
tion Factors by LIM Domain Binding Proteins. Heather P.
Ostendorff, Marvin Peters, Reto I. Peirano, and Ingolf Bach.
Center for Molecular Neurobiology, University of Hamburg,
Martinistrasse 85, 20251 Hamburg, Germany.
LIM homeodomain (LIM-hd) transcription factors are involved in
cell fate decisions during development. LIM domains of LIM-hd
and LIM-only (LMO) proteins interact with the CLIM/NLI/Ldb
cofactor family and the RING finger protein RLIM. CLIM cofactors
are thought to be required for the biological activity of LIM-hd
factors and it has been shown that LMO proteins can inhibit
LIM-hd factors by competition for CLIM cofactors. The coregulator
s of reproduction in any form reserved.
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260 Developmental Biology Volume 235, 2001RLIM inhibits LIM-hd proteins by forming complexes with the
histone deacetylase complex. It has been demonstrated that the
relative levels of cofactor expression are critical for embryogenesis.
We have analyzed and compared the CLIM and RLIM expression
patterns, LIM domain interactions, and effects of cofactor binding
for the activity of LIM-hd proteins.
408. Rescue of the shootmeristemless (stm) Mutant Phenotype by
Expression of STM mRNA in a Subset of Its Normal Domain:
Implications for Nonautonomous Action of the STM Tran-
scription Factor in Arabidopsis thaliana. A. G. Fernandez,
J. A. Long, R. E. Joy, and M. K. Barton. Laboratory of Genetics,
University of Wisconsin–Madison, 445 Henry Mall, Madison,
Wisconsin 53706.
The SHOOTMERISTEMLESS (STM) gene product is required for
he development of the shoot apical meristem (SAM) and all of its
erived products including leaves, stems, flowers, and seeds. The
tm phenotype is dramatic: plants germinate with root, hypocotyl,
nd cotyledons, but no SAM. STM mRNA and protein are ex-
ressed throughout the developing SAM from early embryogenesis
ntil senescence. The 3.5-kb genomic region upstream of the STM
ranslation start codon drives expression of the GUS reporter in
nly the peripheral zone (PZ) of the SAM although STM mRNA and
rotein are normally found in both the peripheral zone and the
entral zone (CZ) of the SAM. STM cDNA was expressed from the
“partial” (PZ only) promoter in stm-11/stm-11 plants. Surprisingly,
these transformed stm-11/stm-11 individuals were indistinguish-
able from wild type. Thus expression of STM in a subset of its
normal domain yields complete rescue of a strong stm allele. To
understand how this could happen, expression of STM mRNA and
protein was analyzed in rescued stm-11/stm-11 embryos. Surpris-
ingly, the STM protein was found at wild-type levels in both the
CZ and the PZ. In contrast, the STM mRNA was significantly
reduced in the CZ. This result is consistent with the STM protein
being expressed in the PZ and moving into the CZ in rescued
embryos. We are pursuing further experiments to investigate this
possibility, as well as the role of such movement in normal
development of the SAM.
409. Regulation of OSL, a LFY Homologue, during Rice Panicle
and Spikelet Development. Kalika Prasad and Usha Vijay-
raghavan. Indian Institute of Science, Bangalore 560012, Kar-
nataka, India.
LFY/FLO gene products specify the identity of floral meristem in
dicot plants like Arabidopsis and Antirrhinum. The expression
pattern LFY like genes in diverse flowering plants suggest an
volutionarily conserved role in conferring reproductive fate. Our
tudies on the RNA expression pattern of a rice LFY like gene: OSL
(Oryza sativa LFY) hint at both evolutionarily conserved and
divergent functions for OSL. The earliest RNA expression is
oincident with specification of the inflorescence meristem
panicle meristem) with expression continuing during panicle
ranching. Once splikelet primordia are specified, OSL expression
s apparently lowered and restricted to specific domains of the
eveloping spikelet. To explore mechanisms underlying this regu-
ated OSL expression, we have determined 3.4 kb of genomic
equences that lie upstream of the open-reading frame. Database
nalysis reveal several putative binding sites for regulatory factors.
e are testing the function of these DNA elements and also the
ontributions of the two OSL introns of 209 and 1297 bp, respec-
ively. Toward this goal a variety of constructs have been made
l
t
Copyright © 2001 by Academic Press. All righthere varying lengths of OSL upstream sequences alone or varying
engths of the gene with 3.0-kb upstream sequences are transla-
ionally fused to the GUS reporter gene. Transcriptional regulation
f GUS is being tested in transgenic rice plants. We find that
lements 3.0 kb upstream of the ORF are insufficient for the correct
egulation of OSL expression. Interestingly, sequences within the
ene are required for high-level expression during early stages of
anicle branching, with the first intron likely serving as a general
ranscriptional enhancer. The significance of these elements in-
luding their functional analysis during Arabidopsis development
ill be discussed.
10. Determination of Intraplant Ploidy Variation in Spathoglot-
tis plicata, a Tropical Orchid, by Flow Cytometry. M-C.Yang
and C. S. Loh. Department of Biological Sciences, National
University of Singapore, 14 Science Drive 4, Singapore
117543.
Very little basic research has been done to investigate cell
ifferentiation and development in orchids, the largest angiosperm
amily. We studied the pattern of DNA ploidy in different organs as
ell as in the same organ of Spathoglottis plicata L. during
ifferent developmental periods. In floral tissues, polyploid (8C)
uclei were found in cells of columns and stalks, but not found in
ells of sepals, petals, and pedicels. In vegetative tissues of green-
ouse grown plants, a diversified pattern of polyploidy was re-
ealed. In the root tips and young leaves, there were 2C, 4C, and 8C
uclei. In the tissues of root hair region, no polyploid nuclei were
etected. In the different parts of the same mature leaf, the pattern
f ploidy was different. In the leaf tip and middle parts, there were
o polyploid (8C) nuclei; however, 2C, 4C, and 8C nuclei were
ounded at the basal region. Developmentally regulated systemic
loidy variation was found among all tissues including those of
nflorescence. Characterization of polyploidy diagram associated
ith cell differentiation is important for understanding the regula-
ion of gene expression in differentiated tissues and for revealing
he nature of tissues used for gene transformation and plant
egeneration.
11. A Homolog of Mammalian Hypoxia-Inducible Factor-1a Is
Required for Adaptation to Low Oxygen in Caenorhabditis
elegans. H. Jiang, R. Guo, and J. A. Powell-Coffman. Depart-
ment of Zoology and Genetics, Iowa State University, Ames,
Iowa 50011-3260.
Hypoxia-inducible factor, a heterodimeric transcription com-
plex, regulates cellular and systemic responses to low oxygen levels
(hypoxia) during normal mammalian development and plays a
critical role in tumor progression. Here, we present evidence that a
similar complex mediates the response to hypoxia in Caenorhab-
ditis elegans. This complex consists of HIF-1 and AHA-1, two
proteins that contain basic helix–loop–helix and PAS domain
motifs. hif-1 is the C. elegans homolog of mammalian HIF-1a. hif-1
utants exhibit no visible defects under standard laboratory con-
itions, but they are unable to adapt to hypoxia. While wild-type
nimals can survive and reproduce in 1% oxygen, 73% of hif-1-
efective animals die under these conditions. aha-1 is the C.
legans ortholog of mammalian ARNT. In addition to its role in
ypoxia response, aha-1 has essential functions during embryogen-
sis and larval development. As expected, both hif-1 and aha-1 are
xpressed in most cell types. Additionally, we find that nuclear
ocalization of AHA-1 is disrupted in a hif-1 mutant. This suggests
hat heterodimerization may be a prerequisite for efficient nuclear
s of reproduction in any form reserved.
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261SDB Meeting Abstractstranslocation of AHA-1. We propose that the mechanisms of
hypoxia signaling are conserved among metazoans and that C.
legans is an excellent model system for studying hypoxia signal-
ng and response.
12. Broad Complex: A Pupal-Specific Transcription Factor That
Mediates the “Status Quo” Effects of Juvenile Hormone. X.
Zhou and L. M. Riddiford. Department of Zoology, University
of Washington, Seattle, Washington 98195-1800.
In both Drosophila and Manduca sexta, the ecdysone-induced
road complex (BR-C) mRNA first appears in the final larval instar
t the onset of metamorphosis and persists through the production
f the pupal cuticle. We found that in neither species is it expressed
uring the adult molt. Application of the JH analog pyriproxifen to
anduca shortly after pupation resulted in formation of a second
upa and caused the appearance of BR-C mRNA at the time of
upal cuticle deposition. Similarly, Drosophila treated with
yriproxifen at pupariation formed pharate adults with normal
eads and thoraces but the abdomens lacked bristles and hairs. In
hese animals, BR-C mRNA persisted in the abdomen, but not in
he head and thorax, with the predominance of Z1 isoform. In
H-treated abdomens, the pupal cuticle gene Edg78E was reex-
pressed later, and the adult cuticle gene Acp65A was suppressed.
Using heat-inducible transgenes, we demonstrated that ectopic
expression of BR-C Z1 caused the reexpression of Edg78E and
suppression of Acp65A in both anterior and posterior portions and
resulted in a lack of bristles and hairs on both parts. Heat-shock
induction of BR-C Z2 also induced Edg78E mRNA, but it could not
uppress the expression of Acp65A. Trace amounts of Edg78E
RNA were found after heat-shock induction of Z4, and none was
ound after heat shock of Z3. This finding is the first indication that
R-C encodes a transcription factor that directs a developmental
witch in differentiation of a polymorphic cell and that it may be
upal-specific. Thus, it mediates the “status quo” effects of JH
uring the adult molt.
13. Abstract #413 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
14. Positional Cloning of the Gene Disrupted in the Zebrafish
Notochord Mutant, bashful. S. M. Pollard, M. J. Parsons, and
D. L. Stemple. Division of Developmental Biology, The Na-
tional Institute for Medical Research, Mill Hill, London, NW7
1AA, United Kingdom.
The notochord is critical for the normal development of verte-
rate embryos. It serves both as the major skeletal element of the
mbryo and as a source of signals required to pattern the surround-
ng tissues. Systematic mutagenesis screens for recessive-zygotic
utations affecting zebrafish embryogenesis revealed a number of
enes involved in notochord development. Among these were
ashful (bal), grumpy (gup), and sleepy (sly) that have a similar
otochord and CNS phenotype. Persistent expression of early
otochord markers in these mutants indicates there is a failure of
he notochord to differentiate. Within the CNS, gross morphologi-
al abnormalities as well as axon guidance defects occur. We have
aken a positional cloning approach to identify the gene that is
isrupted in bal. The bal locus was shown to lie near the telomere
of linkage group 24. We have used meiotic mapping and taken
advantage of the large number of simple sequence length polymor- s
Copyright © 2001 by Academic Press. All rightphisms (SSLPs) in this region to identify a close marker (Z7895)
that is ,0.1cM from bal. PAC and BAC clones were identified
using this and other close markers and sequencing of these has
identified a gene encoding a component of the extracellular matrix
that is a good candidate for bal.
415. Investigating the Regulatory Elements Controlling Sox10
Expression in Zebrafish. J. R. Dutton, T. Carney, A. W. Ward,
and R. N. Kelsh. University of Bath, Claverton Down, Bath,
United Kingdom.
Neural crest cells that emerge from the developing neural tube
represent a population of pluripotent cells that differentiate and
migrate to adopt diverse fates including sensory and enteric neu-
rons, pigment cells, and cells that contribute to the craniofacial
skeleton. The transcription factor Sox10 controls the development
of a subset of neural crest derivatives that form pigment cells and
the peripheral nervous system. In zebrafish disruption of Sox10
function by colourless mutations results in premature apoptosis of
neural crest cells. The resulting phenotype combines pigment cell
loss with enteric agangliosis and is an appropriate model of human
Waardenburgh–Shah syndrome. Although we are beginning to
understand how Sox10 expression controls the fate of some neural
crest derivatives little is known about the regulation of Sox10
expression. To learn more about how Sox10 gene expression is
ontrolled in different animals we are combining a comparative
pproach with detailed molecular manipulation of the zebrafish
ox10 promoter. We have begun a comparison of the known Sox10
romoter sequences to identify conserved regulatory elements. The
onsequences of their disruption will be recorded using a GFP
eporter driven by a Sox10 promoter that reproduces a Sox10
xpression pattern in zebrafish. This approach, combined with a
recise deletion analysis of the zebrafish Sox10 promoter, is de-
igned to uncover elements that together regulate Sox10 expression
n the developing neural crest.
16. Characterization of the Onset Timing and Expression Pattern
of Mab21 Genes in Zebrafish. K. L. Chow and Y. M. Wong.
Department of Biology, Hong Kong University of Science and
Technology, Clear Water Bay, Kowloon, Hong Kong.
Mab21, a novel gene originally isolated in Caenorhabditis el-
gans, is required for sensory tissue differentiation in worm. While
here is a single gene in worm, there are two Mab21 genes—
ab21l1 and Mab21l2 in Drosophila and all vertebrate species
xamined. Vertebrate Mab21s have been shown to be expressed in
eveloping limb bud, crainofacial, and nervous tissues. We have
reviously reported an in situ analysis of zebrafish Mab21l2 show-
ng expression in areas of fore- to midbrain region, eye, neural tube,
nd brachial pouches. We present here the additional characteriza-
ion of a second Mab21, Mab21l1, in fish. Starting with a partial
DNA with just the 39 region including a partial ORF, we have
econstructed a full-length cDNA. Mab21l1 ORF is identical to
ab21l2 ORF in length and encodes a 359-amino-acid protein. A
hylogenetic analysis of Mab21l1 and Mab21l2 shows that l1 and l2
enes diverge before the separation of vertebrates and inverte-
rates. We present here the whole mount in situ data of the l1 gene
nd contrast it with that of the l2. Onset of their expression was
lso determined for these two Mab21 members in fish using
T-PCR. We demonstrate that Mab21l1 is expressed weakly as
arly as epiboly stage while for Mab21l2 is turned on at around one-
o two-somite stage at 11 h. While there appears no detectable
ignal from embryos of earlier stages, our results argue that Mab21
s of reproduction in any form reserved.
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262 Developmental Biology Volume 235, 2001RNA is not supplied maternally for early embryonic development.
(This project was funded by Research Grants Council, Hong Kong.)
417. Abstract #417 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
418. Use of Transgenic Xenopus Embryos to Analyze the Xath5
Promoter. D. A. Hutcheson and M. L. Vetter. Department of
Neurobiology and Anatomy, University of Utah School of
Medicine, Salt Lake City, Utah 84132.
During development, expression of the basic helix–loop–helix
factor Xath5 is spatially and temporally restricted such that it is
only expressed in the developing olfactory placodes, pineal gland,
and retina. In the neural retina, expression commences at stage 24
when retinal neuron differentiation begins, but is quickly down-
regulated in postmitotic differentiated cells. Prior work has indi-
cated that Xath5 functions as a regulator of retinal neuron differ-
entiation and has specifically linked ath5 genes to the
differentiation of retinal ganglion cells (Kanekar et al., 1997,
Neuron 19, 981–994; Wang et al., 2001, Genes Dev. 15, 24–29; Liu
t al., 2001, PNAS 98(4), 1649–1654; Hutcheson and Vetter, Dev.
iol., in press). To better understand the role Xath5 plays in
etinogenesis, we are investigating the mechanisms regulating
ath5 expression using the Xenopus laevis transgenic technique
ioneered by K. Kroll and E. Amaya (1999, Methods Mol. Biol. 97,
93–414). This technique allows the stable incorporation of a
eporter plasmid into sperm nuclei which are then used to fertilize
ggs via a nuclear transplantation technique. Using a GFP reporter
nd 3.3 kb of genomic sequence 59 to the Xath5 gene, we have
reated transgenic Xenopus tadpoles. The spatial and temporal
attern of transgene expression resembles the Xath5 in situ hybrid-
zation pattern. Expression in olfactory placodes commences at
tage 16, while expression in the retina commences later at stage
4. This indicates that this promoter sequence is sufficient both to
romote expression in the appropriate tissues and to prevent Xath5
xpression in inappropriate tissues. Deletion and point mutations
ill be used to determine which promoter elements are necessary
or the proper regulation of Xath5.
19. Transgenic Technology and Targeted Gene Expression in
Xenopus laevis Using the GAL4/UAS System. A. Rolo, P.
Skoglund, and R. Keller. Department of Biology, UVA, Char-
lottesville, Virginia 22903.
We are adapting the GAL4/UAS system for targeted gene expres-
ion in the frog Xenopus laevis as a way to test the effects of
xpressing various proteins in a time- and tissue-specific manner.
e have established a line of breeding transgenic X. laevis in which
FP is driven by a UAS promoter. Neither these animals nor their
rogeny express detectable GFP, indicating that there is nothing
ative in X. laevis that can drive the UAS promoter in a nonspecific
anner. In contrast, injection of the progeny of such animals at the
wo- to four-cell stage with a plasmid construct encoding the
ranscriptional activator GAL4 under the control of the CMV
onstitutive promoter leads to mosaic expression of GFP. This is
onsistent with the mosaic expression normally seen with plasmid
njections in Xenopus and shows that the UAS promoter can be
pregulated by GAL4 in this system. We expect this expression
ystem to be useful in X. laevis because of recent advances in
usbandry technology, which has allowed us to breed transgenic X.
Copyright © 2001 by Academic Press. All rightaevis frogs to sexual maturity in as little as 4.5 months, similar to
he time to sexual maturity reported for X. tropicalis. This finding
ssentially offsets what has been considered one of the major
isadvantages of the use of X. laevis transgenics as experimental
ools.We are currently working on the establishment of transgenic
ines for GAL4 under the control of time- and cell-type-specific
romoters, for example, to generate lines expressing in the noto-
hord, in the somites, or in the neural tissue. Potential uses for
hese lines will be discussed.
20. Translational Regulation of Cyclin A1 during Early Embryo-
genesis. Y. Audic, M. Garbrecht, B. Boyle, and R. S. Hartley.
Department of Anatomy and Cell Biology, University of Iowa,
Iowa City, Iowa 52242-1109.
In the amphibian Xenopus laevis, the first 12-cell divisions
ollowing fertilization occur in the absence of transcription. During
his period of rapid cell divisions, cyclin A1 protein is degraded
apidly during each cell cycle and reaccumulates by continuous
ranslation of its mRNA. After the 12th cell cycle, zygotic tran-
cription initiates and cyclin A1 no longer accumulates. We have
hown that the terminal disappearance of cyclin A1 is preceded by
he deadenylation of its mRNA. This deadenylation is driven by
equences present in the 39UTR of the mRNA and requires the
nset of zygotic transcription to occur. Deadenylation is followed
y the release of cyclin A1 mRNA from the polysomes and its
egradation. If the cyclin A1 39UTR is controlling protein down-
egulation, replacing its 39UTR should allow accumulation of the
rotein after the MBT. We are currently testing whether the
xpression pattern of tagged cyclin A1 protein translated from
njected mRNA is altered when an alternate 39UTR is fused to the
RNA. These experiments will address the importance of cyclin
1 posttranscriptional regulation during the early embryonic cell
ycles. The delineation of the deadenylation element will be
iscussed.
21. Functional Studies of the Xenopus Polycomb-Group Proteins
Xeed and XEz. C. Showell,* J. B. Rafferty,† and V. T. Cun-
liffe.* *Centre for Developmental Genetics, Department of
Biomedical Science, and †Department of Molecular Biology
and Biotechnology, University of Sheffield, Sheffield, United
Kingdom.
Gene silencing by Polycomb-group (Pc-G) protein complexes
lays a key role in the maintenance of stable patterns of gene
xpression during development. We have cloned Xenopus homo-
ogues of the Pc-G genes embryonic ectoderm development (Xeed)
and enhancer of zeste homologue 2 (XEz), genes which in other
organisms encode components of a complex responsible for initi-
ating Pc-G silencing. Northern blot analysis of Xeed and Xez
reveals a high level of maternal expression, consistent with a
requirement for both of these proteins in the establishment of gene
silencing during early development in Xenopus. In situ hybridisa-
tion analysis of the expression patterns of Xeed and Xez demon-
strates that these genes are strongly coexpressed in the developing
optic vesicles, brain, and spinal cord from neurula stages onwards.
We have demonstrated that the Xeed and XEz proteins interact
directly using the yeast two-hybrid system and in coimmunopre-
cipitation experiments and have conducted a yeast two-hybrid
screen to identify novel Xeed interactors involved in Pc-G silenc-
ing. We have also begun to analyse the in vivo function of XEz in
early embryos using microinjection of synthetic mRNAs encoding
wild-type and mutant forms of the protein. The results of these
s of reproduction in any form reserved.
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263SDB Meeting Abstractsexperiments together with those from the two-hybrid screen will
be presented.
422. Regulated Translation of BMP Signaling Pathway mRNAs
during Frog Embryogenesis. B. R. Fritz and M. D. Sheets.
Biomolecular Chemistry, Department of University of Wis-
consin, Madison, Wisconsin 53706.
To investigate the translational control mechanisms that regu-
ate vertebrate development we analyzed mRNAs that encode
roteins of the Xenopus bone morphogenetic protein (BMP) path-
ay. Using polysome association as an assay for translational
ctivity we observed that five different mRNAs encoding proteins
f the BMP pathway are translationally regulated during Xenopus
development. All the mRNAs examined were translationally qui-
escent in oocytes, and the translation of each message was acti-
vated at a distinct stage of development. The Smad-1 and ALK-2
mRNAs were activated during oocyte maturation, whereas the
BMP-7 and Xstk-9 mRNAs were activated during early embryogen-
esis. Interestingly, the ALK-3 mRNA was inefficiently translated
during all maternal stages of development and only efficiently
loaded onto polysomes after the onset of zygotic transcription.
Further analysis indicated that the translational activation of each
mRNA was accompanied by an increase in the length of their
poly(A) tails suggesting that this modification is necessary for
activation. In addition, we demonstrated that the BMP7 mRNA’s
39UTR is both necessary and sufficient for the translational regu-
lation of this mRNA during embryogenesis: BMP7 mRNA lacking
its 39UTR does not associate with polysomes; and the BMP7
mRNA’s 39UTR regulates the translation of a luciferase reporter
mRNA in a manner identical to the endogenous BMP7 mRNA.
However, the BMP-7 mRNA lacks any of the known sequence
elements previously shown to regulate translation during Xenopus
embryogenesis, suggesting that novel factors regulate the transla-
tion of this developmentally relevant mRNA in Xenopus embryos.
423. Regulation of Ectodermal Patterning in Xenopus by Differen-
tial Sensitivity of Dlx Homeodomain Genes to BMP Signal
Attenuation. Ting Luo, Mami Matsuo-Takasaki, and Thomas
D. Sargent. Laboratory of Molecular Genetics, NICHD, Na-
tional Institutes of Health, Bethesda, Maryland 20852.
Three members of the vertebrate Distal-less genes family,
Lx3,5,6, are transcribed in early gastrula embroys of Xenopus
laevis. This expresion is confined to ectoderm and is excluded from
he presumptive neural plate region. Consistent with this ecpres-
ion pattern, expression of all three genes is dependent upon BMP
ignaling. However, there are significant differences in how the
hree genes respond to the BMP antagonist chordin. This correlates
ith the different expression domain boundaries for Dlx3 com-
ared to Dlx5 and 6. Furthermore, overexpression of Dlx factors has
oth negative and positive effects on genes expressed in cement
land, neural plate, and cranial neural crest, in a manner that
orrelated with expression domains in vivo. Thus differential
responsiveness to BMP signaling by Dlx genes may be a mechanism
whereby Xenopus embryonic ectodermal cells interpret BMP-based
morphogenetic gradients, leading to spatially restricted specifica-
tion during gastrulation.
424. Regulation of sox3 Expression in Xenopus laevis. Elena Silva
Casey and Richard Harland. University of California, Berke-
ley, California 94706.
Copyright © 2001 by Academic Press. All rightThe HMG box transcription factor sox3 is one of the earliest
neural markers in vertebrates and is thought to play a role in
specifying neuronal fate. It is expressed in the developing neuroec-
toderm and later in the central nervous system of tadpoles. To
understand the signal transduction events that lead to neural
formation, we have isolated sox3 regulatory sequences from Xeno-
us laevis and begun to dissect the cis sequences required for
orrect expression. By generating transgenic frog embryos with
ox3–GFP reporter constructs, we have determined that a short
pstream regulatory sequence mimics xsox3 expression in gastrula,
eurula, and tadpole embryos. Within this sequence we have
dentified a region that is required to restrict expression to neural
tructures and a second region that contains a neural enhancer
equired for expression at gastrula and neurula. These sequences
re now being used to screen for transacting factors. Furthermore,
ouse sox3 regulatory sequences (S. Brunelli and R. Lovell-Badge
t the National Institute for Medical Research, London, UK) have
een used to generate transgenic mice and frogs. Both upstream and
ownstream mouse sox3 regulatory sequences are required to
ecapitulate sox3 expression in mouse and frog. In addition, we
dentified two distinct modules: one necessary to drive expression
n the neural plate, and the other in the CNS. This is reminiscent
f that seen in Xenopus sox3 regulatory sequences. These results
uggest that the regulatory network that control expression of sox3
s conserved.
25. Characterization and Expression of the mRNAs Encoding the
Tadpole and Adult Globins during Spontaneous and Thyroid-
Hormone-Induced Amphibian Metamorphosis. R. Gowing
and B. G. Atkinson. University of Western Ontario, London,
Ontario, N6A 5B7, Canada.
The molecular mechanism(s) responsible for the transition of
emoglobin (Hb) from a larval to an adult form in the circulating
ed blood cells of metamorphozing amphibian tadpoles is still a
ubject of debate. Although thyroid hormone (TH) is thought to
ediate a change in the expression of the globin genes, no reported
tudies have supported this view. To determine the regulatory
actors responsible for this transition, we have cloned and charac-
erized cDNA and gene sequences encoding all of the protein
soforms of globin reported to be in the larval-stage tadpole and
dult Rana catesbeiana Hbs. While RT-PCR analyses detected all
f these globin mRNAs in the blood cells of premetamorphic
adpoles, the tadpole a and b globin mRNAs and an adult a-C
globin mRNA were most prevalent. Although similar RT-PCR
results were obtained from the liver (considered to be a site of
erythropoiesis) of the same tadpoles, a higher proportion of mRNAs
encoding the adult globin isoforms was present. Analyses of the
relative levels of the tadpole and adult globin mRNAs in the blood
cells and liver of spontaneously metamorphozing tadpoles demon-
strate that the transition seen in the Hbs of the circulating red
blood cells is detectable earlier in the liver cells of this organism.
Analysis of the same transcripts in the liver of TH-induced meta-
morphozing tadpoles shows an elevation in the relative level of
adult globin mRNAs, suggesting that TH, directly or indirectly, is
influencing the level of these particular mRNAs. (NSERC sup-
ported.)
426. Muscle-Specific, Cytosolic Creatine Kinase mRNA Levels
Are Elevated in Muscle of Thyroid-Hormone-Induced Meta-
morphozing Amphibian Tadpoles. L. F. Petersen and B. G.
s of reproduction in any form reserved.
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264 Developmental Biology Volume 235, 2001Atkinson. Department of Zoology, University of Western
Ontario, London, Ontario, N6A 5B7, Canada.
Creatine kinase (CK) isoenzymes play a central role in the
transduction of energy in muscle and thyroid hormone (TH) is
known to affect changes in energy requirements. Since the meta-
morphosis of amphibians is dependent on TH and, in fact, can be
precociously induced by the administration of TH to the premeta-
morphic tadpole, the possibility that the TH induction of meta-
morphosis might alter the expression of the CK genes in the
metamorphozing tadpole is the focus of this report. To test this
possibility, a cDNA that contained the complete coding region for
a cytosolic CK was isolated from an amphibian, Rana catesbeiana,
tadpole muscle cDNA library. Genomic walking was used to
identify the last two exons and the site of the last intron in this
gene. This enabled RT-PCR primers to be designed that would
produce a nucleotide fragment from the mRNA that differs in size
from the one produced from the gene. RT-PCR analyses of CK
transcripts in different tissues revealed that this gene encodes a
muscle-specific, cytosolic CK. RT-PCR analyses of mRNAs encod-
ing this CK in tail muscle, developing limb muscle, and cardiac
muscle from TH-induced metamorphozing tadpoles demonstrate a
marked elevation in the relative levels of mRNAs encoding this
CK. This observation supports the conjecture that TH, directly or
indirectly, alters the expression of this gene in tadpole muscle
during the TH-induced metamorphosis of this organism. (NSERC
supported.)
427. Characterization of an Amphibian a Smooth Muscle Actin
Gene and Its Expression in the Heart and Developing Limb of
Metamorphozing Tadpoles. L. Zheng and B. G. Atkinson.
Department of Zoology, University of Western Ontario, Lon-
don, Ontario, N6A 5B7, Canada.
We have determined the complete nucleotide sequence of .11
b pairs of genomic DNA encoding an amphibian, Rana catesbei-
na, a smooth muscle (vascular) actin gene (RcVSM). This single-
opy gene is transcribed into an mRNA (1379 nucleotides) that
ncodes a protein of 377 amino acids which shares 98% identity
ith the human and chicken smooth muscle a actins. The protein
coding sequences are interrupted by six introns and a seventh
intron is present in the 59-untranslated region of the primary
transcript. Although the Rana RcVSM gene lacks one of the introns
present in the protein-coding sequences of the human and chicken
smooth muscle a actin genes, the positions of the six introns
resent in the protein coding sequences of RcVSM are identical to
hose reported for the human and chicken genes. The nucleotide
equence in the promoter of this gene shares 72–74% identity with
he human and chicken smooth muscle actin genes to a point at
east 250 bp upstream from the transcription start site. This
romoter contains four CArG motifs, two of which are present in
he same position as in the human and chicken genes. Although we
ave not been able to visually identify any of the reported consen-
us sequences for thyroid hormone response elements in the
romoter of this gene, the administration of thyroid hormone to
remetamorphic tadpoles appears to up-regulate the expression of
his gene in the tadpole heart and initiate its expression in the
ascular system of the developing limb. (NSERC supported.)
28. Transgenic Studies into Cardiac Troponin I Gene Regulation
during the Postembryonic Development (Metamorphosis) of
the Amphibian Tadpole. A. S. Warkman and B. G. Atkinson.
Copyright © 2001 by Academic Press. All rightDepartment of Zoology, University of Western Ontario, Lon-
don, Ontario, N6A 5B7, Canada.
The direct involvement of thyroid hormone (TH) in regulating
he expression of particular myosin and actin genes has been
nown for some time. It is well established that TH, coupled with
ts receptor, acts like a transcription factor and alters the expres-
ion of these particular genes. Unfortunately, similar studies into
he involvement of TH in regulating the gene expression of other
embers of the muscle contractile machinery are sporadic or
acking. By using the spontaneously and TH-induced metamor-
hozing amphibian (Rana catesbeiana) tadpole as a model system,
e have begun to characterize the involvement of thyroid hormone
n regulating the gene expression of the cardiac troponin I (TnIc)
ene. By Northern blot hybridization analyses, we show the
ardiac-specific nature of the Rana TnIc transcripts and their rapid
ccumulation in the heart of tadpoles undergoing spontaneous and
H-induced metamorphosis. Isolation and characterization of the
ene encoding the Rana TnIc (.40 kb) reveal a pattern of organi-
ation that differs from those reported in other organisms, includ-
ng an intron within the 39-UTR and an insertion/deletion within
he 59 portion of the ORF. Transgenic analysis of a 2400-bp
romoter fragment, using the restriction enzyme-mediated integra-
ion technique of Kroll and Amaya (1996), demonstrates that this
romoter appears to contain all the regulatory elements required to
rive GFP expression in a tissue-specific manner and that the
attern of GFP expression within the tadpole heart mimics that
eported for the TnIc protein. (NSERC supported.)
29. Analysis of AER Enhancer Elements in the Chicken Msx2
Gene. H. C. Cheng,* Z. Z. Pan,† C. K. L. Wang,‡ and W. B.
Upholt.* *Department of BioStructure and Function, School
of Dental Medicine, and Developmental Biology Graduate
Program, University of Connecticut Health Center, Farming-
ton, Connecticut; †Fox Chase Cancer Center, Philadelphia,
Pennsylvania; and ‡Institute of Molecular Biology, Academia
Sinica, Taiwan, Republic of China.
Msx2 is a homeodomain-containing transcription factor ex-
ressed during embryonic development at regions of epithelial–
esenchymal interactions. To better understand the regulation of
he Msx2 gene, we generated transgenic mouse embryos carrying
eporter constructs with various regions from the chicken Msx2
ene regulating a LacZ reporter. Using this approach, we have
efined regions of the Msx2 gene that can direct LacZ expression in
he apical ectodermal ridge (AER) of the developing limb. DNA
equence comparison of the AER enhancer region of chicken Msx2
ene with that from mouse revealed a subregion with high simi-
arity between the two species. Within that region, five TAAT
equences, the core binding sequence of homeodomain proteins,
re present in both species. We have named those sites A, B, C, D,
nd E. To address the possible role of the multiple TAAT sites in
ER enhancer activity, transgene constructs with different combi-
ations of mutations and/or deletions of the TAAT sequences were
ested. We found that the individual TAAT sites are not function-
lly equivalent and that the A and B sites are the most critical in
erm of AER enhancer activity. We found that a tetrameric repeat
f a 55-bp fragment which contains only the A and B sites is capable
f directing AER-specific expression. (This work was supported by
IH Grant HD22610.)
30. Isolation of a Novel Member of the Spalt Family of Zinc
Finger Genes in Chickens. M. Barembaum and M. Bronner-
s of reproduction in any form reserved.
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265SDB Meeting AbstractsFraser. California Institute of Technology, Pasadena, Califor-
nia 91125.
We have isolated a novel member of the spalt gene family, csal4,
whose pattern of expression suggests that it may be involved in a
number of embryonic processes including neural tube and
branchial arch development, as well as limb development. Spalt
and spalt-related were first isolated in Drosophila as members of
the C2H2 zinc finger gene family. They have been shown to be
nvolved in tracheal development and patterning of the wing veins,
s well as regulating bristle formation through the regulation of
roneural gene expression. The spalt gene family is conserved in
volution; it has been isolated from Caenorhabditis elegans and a
umber of vertebrates including humans, fish and frogs. We have
solated a novel member of this gene family in chickens, csal4. It is
xpressed at the four-somite-stage embryo in the neural plate. As
he neural tube closes its expression is lost in the dorsal neural
ube. Later in neural development it is expressed in distinct regions
f the brain and spinal chord. It is also expressed in the pharyngeal
ndoderm, but once the branchial arches form, csal4 expression is
ocalized in the mesoderm of the arches. We can also detect csal4
n the lateral plate mesoderm and later in the distal limb bud. We
re currently exploring how overexpression of csal4 will affect
hese processes, as well as to determine what factors control csal4
xpression.
31. Regionally Restricted Expression Pattern of Id Helix–Loop–
Helix Genes during Early Avian Embryogenesis. Y. Kee and
M. Bronner-Fraser. California Institute of Technology, Pasa-
dena, California 91125.
Id helix–loop–helix proteins include four mammalian members,
d1, 2, 3, and 4, and Drosophila emc. Recent gene targeting
mplicates the function of Id proteins in several developmental
rocesses including immune cell development, neurogenesis, and
ngiogenesis even though subtle developmental changes and the
echanism are not fully understood. The embryonic expression
attern of Id genes has been determined in various organisms. It has
een studied extensively by in situ hybridization analysis in mouse
uring early gastrulation (5.5–7.5 dpc) and later, 11.5 to 16.5 days.
e are interested in the roles of different Ids in neural crest
evelopment and, however, the information during late gastrula-
ion and neural crest cell development is not reported yet. Chick
d2 was previously cloned in this lab and its expression pattern and
unction were studied. Here, we isolated the full-length clones of
hick Id1, 3, and 4 and analyzed their expression patterns during
ate gastrulation and neural crest development. Interestingly, the
arly expression patterns of different Ids were more dynamic and
egionally restricted than expected from the analysis of later stages
f mouse embryogenesis. Id1 is transiently but strongly expressed
n the neural tube of midtrunk at three- to six-somite embryos. Id4
s expressed in the subpopulation of migrating neural crest cells.
ther sites of expression include brain, somites, and developing
imb buds, heart, and facial premordia. Each Id gene is expressed in
clearly distinct pattern with some overlap in early development.
hese data suggest that the differential expression of Ids contrib-
tes to specifying the differentiation of different cells during early
mbryogenesis.
32. Establishment of Distinct Signaling Centers in the Avian
Frontonasal Process. R. S. Marcucio, M. Tong, and J. A.
Helms. UCSF, San Francisco, California. s
Copyright © 2001 by Academic Press. All rightDevelopment of the mid- and upper face is governed by interac-
ions among the facial ectoderm, neuroepithelium, and neural crest
esenchyme. We propose that localized signaling centers in the
eural and facial epithelia are responsible for patterning the fron-
onasal process. Our goal was to define temporospatial patterns of
ene expression in the head and to understand tissue interactions
esponsible for establishing these putative signaling centers. Two
omains, one expressing fibroblast growth factor 8 (fgf8) and the
ther expressing sonic hedgehog (shh), are present in adjacent
egions of neural and facial ectoderm. At stage 10, fgf8 is expressed
n a single, anterior domain. As the anterior neuropore closes (stage
1), this domain becomes divided into distinct surface and neural
ctodermal components. From HH stages 10–22, fgf8 in the surface
ctoderm extends from the lateral aspect of the nasal placodes
cross the midline. By stage 25, fgf8 is restricted to the margins of
he nasal pits. In the prosencephalic neuroepithelium, fgf8 is
xpressed across the dorsal surface, ending near the rostral limit of
he shh domain. At stage 11, shh is expressed in the ventral
euroepithelium and facial ectoderm, extending toward the ventral
argin of the fgf8 domain. In addition, shh is expressed in the facial
ctoderm, the prechordal mesoderm, and pharyngeal endoderm.
lteration of neural crest populations (e.g., ablation) inhibits the
acial ectoderm domain of shh, but does not influence fgf8. These
ata confirm that the FGF8 domain is established by cell and tissue
nteractions occurring prior to closure of the neural tube and
uggest that its expression is not affected by neural crest ablation.
onversely, shh is greatly reduced or absent following neural crest
blation. Thus we conclude that the induction and maintenance of
gf8 and shh are achieved through independent mechanisms and
he neural crest are required to maintain SHH signaling.
33. Hox Gene Expression within the Embryonic Skin Is Dynamic.
Alasdair I. Reid and Stephen Gaunt. Department of Develop-
ment and Genetics, The Babraham Institute, Babraham, Cam-
bridge, United Kingdom.
Hox genes are usually expressed temporally and spatially in a
olinear manner with respect to their positions in the Hox com-
lex. Previous studies have shown that within the skin Hox genes
re expressed either in a regionally restricted or in a regionally
nrestricted manner. To test whether other genes of the Hox
amily display expression patterns which are spatially restricted
Hoxc-8) or spatially unrestricted (Hoxc-13) we studied the expres-
ion of Hoxa-7, a-11, b-4, c-6, c-8, and d-4 to d-13 within the dorsal
kin of chick embryos. We confirmed the findings for Hoxc-8 and
ound that Hoxb-4 and Hoxa-7 are also expressed in a spatially
estricted manner in the skin. These genes exhibit colinearity. In
ontrast, the Hoxd genes as well as Hoxa-11 and Hoxc-6 are
xpressed ubiquitously within the skin. Expression of the restricted
enes is initiated in the epidermis by E5. Epidermal expression of
he unrestricted genes is not temporally colinear as they are all
xpressed concomitantly at E6.25. Dermal expression for both
roups occurs later at E6.5, but maintains the same anterior–
osterior patterning as that seen in the epidermis. During E7–E8,
xpression for all genes is up-regulated within the dense dermis
hile being reduced within the interbud regions. Later, expression
ithin the bud mesenchyme is down-regulated while high levels of
ranscriptional activity are detectable within the epidermal sheath
f each feather bud. These results suggest that Hox genes may play
n important role in patterning the embryonic skin by providing
egionally restricted positional cues as well as by imparting generic
ignals necessary for feather morphology.
s of reproduction in any form reserved.
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266 Developmental Biology Volume 235, 2001434. Wnt Signaling in Avian Kidney Development. T. J. Mauch, R.
Ladher, P. Garcı´a-Villalba, D. E. Smith, and G. C. Schoenwolf.
University of Utah School Medical, Salt Lake City, Utah
84132.
The vertebrate kidney develops in three consecutive stages. The
ronephros derives from intermediate mesoderm (IM) upon receipt
f a somitic signal (Dev. Biol. 220, 62–75, 2000) and is required for
he development of the mesonephric (middle) and metanephric
definitive) kidneys. Wnts have been implicated in metanephric
idney development. Wnt-4 is expressed in the mesenchyme,
hereas Wnt-6, -7b, and -11 are expressed in the ureteric bud. We
ecently found that frizzled-4 (cFz-4), a Wnt receptor, is expressed
n the late pronephros caudal to the third somite. cFz-4 is also
xpressed in meso- and metanephric tubules, but not in the nephric
uct or its derivatives. In the metanephros, its expression pattern is
imilar to that of Wnt-4, but not Wnt-11, which is expressed only
n the ureteric bud tips (Mech. Dev. 98, 121–125, 2000). These data
uggest that the Wnt/Fz pathway is important in kidney morpho-
enesis, and that cFz-4 mediates induction of mesenchymally
erived tubular structures of the developing kidney. We examined
xpression of Wnt-5a, a ligand for Fz-4, in the developing chick
idney using in situ hybridization. Wnt-5a was expressed in
omites, tail bud, caudal lateral plate, and in the IM caudal to the
hird somite, where its expression pattern resembled that of cFz-4.
e hypothesize that Wnt-5a mediates mesenchymal–epithelial
onversion in the developing kidney. We are now examining its
xpression at all stages of avian kidney development, to character-
ze its role in patterning of the embryonic vertebrate kidney, and
enerating constructs for its over- and underexpression. (Supported
y NIH NS18112, NIH DK02490, and the March of Dimes.)
35. Colinear Expression of the Mouse HoxB Cluster: Potential
Role of Chromatin Remodeling. J. E. Basford and S. Bradshaw.
University of Cincinnati, Cincinnati, Ohio 45221.
Vertebrate Hox genes are activated sequentially, exhibiting spe-
ific spatial and temporal domains within developing embryos.
his collinear relationship is a property of their clustered organi-
ation; however, the underlying molecular mechanisms of regula-
ion are unclear. Chromatin structural modifications have been
mplicated in the control of gene transcription and could function
o sequentially release Hox genes into an active chromatin con-
guration. We hypothesize that sequential activation of HoxB
enes will correlate with targeted histone H4 hyperacetylation and
ctive chromatin states. To test this view, HoxB genes were
nduced by treatment with retinoic acid in mouse P19 embryonal
arcinoma cells and the chromatin immunoprecipitated with anti-
yperacetylated H4 antibodies. Subsequent screening for HoxB
enes using semiquantitative PCR revealed that inactive HoxB
enes are associated with hypoacetylated histones; all HoxB genes
ecome hyperacetylated 48 h after RA induction, proceeding the
ppearance of early HoxB gene mRNAs. These data suggest that
rior to retinoic acid induction, the HoxB cluster is in repressed
hromatin configuration. Approximately 48 h following RA induc-
ion, the entire cluster is remodeled into an open chromatin state.
hese data make chromatin structural modifications a suspect in
he global regulation of Hox gene activation.
36. Novel Ring Finger Proteins PRAJA-1 and AVP-36 Play Dis-
tinct Roles in Ubiquitination and Protein Trafficking in
Epithelial Cell Formation. C. Fox, Y. Tang, A. Subramanian,
C. Banumathy, S. Radhakrishnan, B. Mishra, A. Sidawy, and
Copyright © 2001 by Academic Press. All rightL. Mishra. DVAMC and Fels Cancer Institute, Temple Uni-
versity, Philadelphia, Pennsylvania; and Department of Sur-
gery, VA Medical Center, and Department of Surgery, Walter
Reed Army Medical Center, Washington, DC.
Background. Ubiquitination is a primary mechanism by which
proteins are targeted for degradation, influencing both cellular
proliferation and apoptosis. This process involves the sequential
action of Ub-activating enzyme (E1), Ub-conjugating enzymes
(UBCs or E2s), and Ub protein ligases (E3s). Of marked importance
are E3s that recognize E2s, catalyzing polyubiquitination, crucial
for recognition by proteasomes. RING finger proteins such as
PRAJA-1 previously identified in our laboratory have been found to
regulate apoptosis and interact with E2s facilitating marked ubiq-
uitination, serving as an E3. We have recently identified another
novel gene, AVP36, that encodes a 373-residue RING finger pro-
tein. The 183-aa N-terminal region of AVP36 bears 97% homology
to a vesicular protein, VPS41. This led to the hypothesis that
AVP36 and PRAJA-1 RING finger proteins may play similar roles
in the remodeling processes seen in epithelial cell development.
Aims. To (1) determine tissue expression of AVP36; (2) analyze
potential ubiquitinating activity by AVP36 compared to PRAJA-1;
(3) determine the cellular localization of PRAJA-1. Methods and
Results. (1) Northern blot analysis demonstrates that AVP 36 is
expressed in multiple tissues such as gut, liver, brain, kidney, and
heart in mouse. (2) Ubiquitination assays with GS-bound AVP 36
and PRAJA-1 were carried out using wheat E1 and UbcH5B.
Prominent E2-dependent ubiquitination was seen with PRAJA-1,
but not with AVP36. (3) Specific localization of PRAJA-1 was
determined by immunohistochemical labeling and confocal mi-
croscopy with anti-PRAJA-1, anti-a-smooth muscle actin, anti-
amp-1, anti-b-COP, and anti-Golgi 58K on frozen tissue sections.
PRAJA-1 was colocalized to the Golgi apparatus. Interestingly,
anti-PRAJA-1 labeled the trans-Golgi and a few outer vesicles
compared to the control with b-COP that predominantly labeled
the cis-Golgi. Conclusions. (1) AVP 36 is very similar to VPS41and
vam2, an essential protein for vacuolar formation in yeast cells.
AVP36 may therefore similarly be involved in sorting proteins and
directing vesicle protein trafficking. (2) Although AVP36 does not
seem to be involved in ubiquitination, AVP36 may be important as
a vesicular protein essential for post-Golgi protein sorting. (3)
Colocalization of PRAJA-1 to the trans-Golgi apparatus suggests
that it may play a important role in both protein trafficking and
degradation crucial for the formation of a polarized epithelial cell.
437. Cloning and Expression Analysis of OSR2, a New Mouse
Gene Related to Drosophila Odd-Skipped. Y. Lan, E. S. Cho,
P. D. Kingsley, and R. J. Jiang. Center for Oral Biology,
University of Rochester School of Medicine and Dentistry,
Rochester, New York 14642.
The Drosophila Odd-skipped (odd) and related genes, bowel and
ob, encode a subfamily of zinc-finger-containing transcription
actors that play essential roles in embryonic development. We
eport here the isolation and characterization of a new mouse gene
ncoding a zinc finger protein of the ODD family. We named this
ene OSR2. By whole mount in situ hybridization, OSR2 expres-
sion is first detected at E9.25, specifically in the mesonephric
vesicles. At E10.0, OSR2 expression is also turned on in the
mandibular mesenchyme and in a sharply demarcated central
domain of the dorsal mesenchyme of the forelimb buds. The onset
of OSR2 expression in both the fore- and the hindlimb buds follows
a dorsal to ventral developmental sequence and occurs in specific
s of reproduction in any form reserved.
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267SDB Meeting Abstractsmesenchymal regions. At E10.5, OSR2 expression is also detected
in the maxillary processes. By E11, OSR2 expression is detected in
the mesenchyme of the medial nasal processes and the maxillary
and mandibular processes and in areas surrounding the developing
eye. In addition, in situ hybridization of paraffin sections using
radioactively labeled antisense RNA probes shows specific OSR2
expression in the mesenchyme of the developing palatal shelves,
the developing thyroid gland and esophagus, and in the tooth bud
mesenchyme. OSR2 is also expressed in the mesenchyme of the
mesonephros and metanephros. The dynamic developmental ex-
pression patterns suggest that OSR2 may play important roles in
epithelial–mesenchymal interactions and in craniofacial, limb, and
kidney development.
438. Identification of Potential cis-Acting Regulatory Elements in
the Mouse Fibroblast growth factor 10 (Fgf10) Locus. J. C.
Grindley, L. O’Rear, Z. Liu, D. Perkins, S. Bellusci, and M. G.
Rush. Division of Neonatology, Vanderbilt University, Nash-
ville, Tennessee 37232-2370.
In mammals, fibroblast growth factor 10 (FGF10) is essential for
the normal development of multiple organs, notably those that
form by budding or branching. In branching morphogenesis of the
lung, localized expression of Fgf10 mRNA in distal mesenchyme
enerates sources of FGF10 that direct the outgrowth of endoder-
al buds. The pattern of Fgf10 expression is dynamic, with positive
nd negative signals from the bud endoderm modulating Fgf10
xpression to produce a new pattern of FGF10 sources ahead of the
ext generation of branches. We are investigating the control of
gf10 mRNA expression and present data from an in vitro survey of
he Fgf10 genomic locus for cis-acting regulatory elements. We
ave generated a contig of PAC clones encompassing the complete
ouse Fgf10 locus and have now sequenced 22 kb of this contig,
ocusing on the 59 end of the gene. Characterized regions of the
ouse locus have been compared to the human locus and have
een used to generate sets of luciferase reporter constructs for a
unctional screen for regulatory elements. Our sequence compari-
on reveals that the noncoding portions of the Fgf10 locus contain
ver 20 highly conserved domains, which occur in the two species
n an identical order, and with similar spacing. To test the effect of
hese conserved domains on gene expression, we transfected re-
orter constructs containing them into Mlg cells, a mouse lung
broblast cell line expressing moderate levels of Fgf10. From this
urvey we have identified a set of potential regulatory elements in
he Fgf10 locus and now aim to identify the critical regions of these
lements, the factors that bind to them, and their contribution to
he spatiotemporal pattern of Fgf10 expression in vivo.
39. Transcriptional Effects of Altering Protein Kinase C Distribu-
tion in Four-Cell-Stage Mouse Embryos. H. Dehghani and A.
Hahnel. University of Guelph, Guelph, Ontario, N1G 2W1,
Canada.
Substrate specificity and hence function of protein kinase C
PKC) isozymes is associated with their intracellular location.
uring preimplantation mouse development, there is translocation
f PKCd and e, but not bII from the cytoplasm to the nucleus
between the early two- and four-cell stages. To determine whether
the transient translocation might be involved in maturation of
transcriptional control, the effects on transcription and on SM (a
core splicesome protein) of perturbing nuclear concentrations of
these isozymes were examined. There was positive correlation
between nuclear concentration of PKCe and transcription as mea- t
Copyright © 2001 by Academic Press. All rightured by incorporation of BrUTP into nascent transcripts. Increased
uclear PKCd also increased transcription, and increased PKCbII
decreased transcription, but the converses had no effect. Increased
nuclear PKCd and e and decreased bII had no effect on SM level or
he amount of SM diffusely distributed or in speckles. Also, the
umber of SM-positive Cajal bodies and nucleoli decreased, irre-
pective of transcriptional status. The effects on total transcription
ere not mirrored in the activity of a single transcript, embryonic
lkaline phosphatase, although there is evidence for transitory
osttranslational effects. Together the data suggest that especially
KCe might be involved in regulation of transcription through
modification of chromatin or transcription factors.
440. Analysis of Genes Differentially Expressed between Morula
and Blastocyst. T. S. Tanaka and M. S. H. Ko. Laboratory of
Genetics, National Institute on Aging/NIH, Baltimore, Mary-
land 21224.
During the early mouse embryonic development, totipotent
embryonic cells first differentiate into two different cell lineages:
inner cell mass (ICM), which will give rise to embryo proper
including germ cells, and trophectoderm (TE), which will differen-
tiate into trophoblasts and eventually form placenta. As the first
step to understand the difference between ICM and TE, we com-
pared the global gene expression profiles between compacted
morula and blastocyst by using NIA 15k mouse cDNA microarray
(PNAS 97, 9127–9132, 2000). From 1000 blastocysts and 3000
morulae, poly(A)1 RNAs were extracted and subjected to cDNA
synthesis. Radiolabeled probes were used for microarray hybridiza-
tion in triplicates. By Student’s t test, we found about 1000 genes as
differentially expressed genes between blastocyst and morula at 5%
level. Consistent with the results reported previously, we have
obtained similar expression levels of b-actin gene from microarray
ybridization. This result further confirms the reliability of our
icroarray system. By looking at the ESTs’ frequency, we have
ound previously that there are a number of genes expressed at
pecific preimplantation stages (Development 127, 1737–1749,
000). These results are confirmed partially by current analysis
ecause we found about 680 genes expressed highly in morula and
bout 350 genes include EndoA expressed highly in blastocysts.
41. Molecular Characterization of the Twis Allele of the Mouse
Brachyury Gene. S. N. Hancock and V. E. Papaioannou.
Columbia University, New York, New York 10032.
The murine T-box transcription factor Brachyury, or T, has been
hown to play a crucial role in mesoderm formation during
astrulation. Embryos homozygous for the Twis allele of T lack
xial mesoderm (notochord) and are deficient in paraxial mesoderm
ormation such that posterior somites are never formed and axial
longation fails. The Twis allele results from insertion of a trans-
osable element into the 39 end of exon 7 of the T locus. This
nsertion disrupts the splice donor consensus sequence of exon 7. It
as long been assumed that this disruption leads to the production
f a single truncated T protein species lacking exon 8. However,
nalysis of the T locus transcripts produced in Twis homozygotes
hows that at least five different transcripts are produced. Four of
hese represent alternative splicing products derived from the
ndogenous T exons and the fifth a chimeric transcript linking
xon 7 to transposable element sequences. All five are predicted to
ncode different abnormal T proteins. At least seven other murine
-box genes are expressed in newly forming mesoderm (Tbx1hrough Tbx6 and eomes). To further elucidate the nature of the
s of reproduction in any form reserved.
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268 Developmental Biology Volume 235, 2001Twis defect, potential interactions between Twis and these genes
are being investigated. Similarly, possible interactions between
Twis and Fgf signaling components expressed at gastruation (Fgf-3,
Fgf-4, Fgf-5, FgfRI, and FgfRII) are also being studied.
442. Gene Expression during Somitogenesis. L. A. Buttitta,* T. S.
Tanaka,† M. S. Ko,† and C. M. Fan.* *Department of Embry-
ology, Carnegie Institution of Washington; and †Laboratory of
Genetics, National Institute on Aging, National Institutes of
Health.
The development of the mammalian somite provides a model
ystem for studying how complex molecular and cellular interac-
ions direct morphological changes and tissue differentiation. Un-
er the influence of signals from neighboring tissues, somites
ecome patterned along the dorsoventral axis into two tissue types,
ermomyotome and sclerotome. The dermomyotome gives rise to
ermis and skeletal muscles, while the sclerotome gives rise to ribs
nd vertebrae. Sonic Hedgehog and Noggin have been implicated in
he induction of the sclerotome while members of the WNT family
ave been shown to mediate dermomyotome induction. Although
few markers have been used to study these inductions, little is
nown about what changes in gene expression are caused by these
olecules to mediate their effects. We plan to identify genes
nduced or repressed in response to these signals that are critical for
evelopment of the somitic derivatives. Subtractive hybridization
nd microarray hybridization are two approaches we are taking to
ccomplish this. Our initial effort to use subtractive hybridization
as thus far identified three transcription factors, one phosphopro-
ein and two glycoproteins differentially expressed between pre-
omitic mesoderm and early somites of E9.5 mice. Using RNA
rom the same tissues, hybridization will be performed on a
icroarray containing 15,000 unique mouse cDNAs to identify
enes transcriptionally regulated during somite development. The
ombination of these two approaches will allow us to study genes
ith previously unrecognized roles in somite formation and pat-
erning.
43. A Novel Mouse Zinc Finger Isolated from an Embryonic Stem
Cell Neural Differentiation Paradigm. M. A. Wride, F. C.
Mansergh, R. Everitt, J. E. Hance, and D. E. Rancourt. Depart-
ment of Biochemistry and Molecular Biology, University of
Calgary, Calgary, Alberta, T2N 4N1, Canada.
Murine embryonic stem (ES) cells can be differentiated into
unctional neurons and glia in culture. This system has been shown
o provide a valuable resource for gene discovery and expression
attern analysis. We have isolated 604 nonredundant clones from
n early ES neural differentiation subtraction library. Of these, 279
ere novel or uncharacterized and 325 were known. The sequences
ave been submitted to the GenBank EST database (Accession Nos.
W244216–AW244819). To manage and analyze these sequences,
e have developed a database (linked to the Rancourt lab web page:
ttp://www.ucalgary.ca/;rancourt/) using the open integrated
oftware package MYSQL. One EST (BR_END07F05; Accession
o. AW244659.1) has been selected for follow-up based on bioin-
ormatic analyses suggesting that it may encode a zinc finger
ranscription factor. Using Clontech multiple tissue Northern
MTNr) blot membranes, it has been demonstrated that a 2.3-kb
ranscript of the gene is expressed during mouse embryogenesis
ith a peak of expression at embryonic day 11. Expression is also
bserved using Northern blotting in adult tissues including brain
nd heart. RNase protection assays reveal similar patterns of
Copyright © 2001 by Academic Press. All rightxpression during embryonic development and in adult tissues.
reliminary in situ hybridization studies show staining in the
ervous system, limb buds, and craniofacial regions in 11- and
2.5-day-old mouse embryos. Bioinformatic analysis maps the
uman homologue to 19p13.3, a gene rich region to which a
umber of developmental/neurological disorders have been
apped. A knockout targeting vector is currently under construc-
ion, making use of a novel combination of bioinformatics and
etrorecombination to streamline vector construction.
44. Isolation of Putative AP-2a Target Genes from Craniofacial
Mesenchyme. D. K. Nelson and T. Williams. Yale University,
New Haven, Connecticut 06511; and University of Colorado
Health Sciences Center, Denver, Colorado 80262.
The AP-2a transcription factor is critical for proper craniofacial
morphogenesis, and it is expressed in the cranial neural crest and
mesenchyme of the developing facial prominences. Targeted dis-
ruption of AP-2a results in a severe midline facial cleft in
homozygous-null embryos. Chimeras, generated by combining
wild-type and mutant cells, have clefts specifically in the lip and
palate. In addition, genetic mapping studies indicate that the
human AP-2a locus may have a role in orofacial clefting. These
ndings suggest that AP-2a may be required for growth, morpho-
enesis, and/or fusion of the facial primordia. To understand how
P-2a influences craniofacial development, we are comparing gene
xpression patterns between facial mesenchyme samples microdis-
ected from wild-type and null mouse embryos. We have taken
everal approaches to uncover differentially expressed transcripts,
ncluding RT-PCR, suppression subtractive hybridization (SSH),
nd microarray analyses. Candidate genes have been isolated and
re currently being analyzed for expression in wild-type and mu-
ant embryos. Characterization of these molecules will provide
nsight into the roles of AP-2a in facial morphogenesis and identify
putative targets of its transcriptional regulation.
445. Antagonistic Regulation of Dlx2 Expression by PITX2 and
Msx2: Implications for Tooth Development. P. D. Green,
D. E. Kirk, T. A. Hjalt, L. B. Sutherland, B. L. Thomas, M. L.
Snead, and B. A. Amendt. University of Tulsa, Tulsa, Okla-
homa 74104; University of Iowa, Iowa City, Iowa 52242;
University of London, London, United Kingdom; and Univer-
sity of Southern California, Los Angeles, California 90033.
Pitx2, a bicoid-like homeodomain transcription factor is the first
transcriptional marker observed during tooth development. Since
Pitx2, Msx2, and Dlx2 are expressed in the dental epithelium, we
examined the transcriptional activity of PITX2 in concert with
Msx2 and the Dlx2 promoter. PITX2 activated while Msx2 unex-
pectedly repressed transcription of a TK-Bicoid luciferase reporter
in a tooth epithelial cell line (LS-8) and CHO cells. Surprisingly,
Msx2 binds to the bicoid element (TAATCC) with a high specific-
ity and competes with PITX2 for binding to this element. PITX2
binds to bicoid and bicoid-like elements in the Dlx2 promoter and
activates this promoter 45-fold in CHO cells. However, it is only
modestly activated in the LS-8 cell line which we demonstrate
endogenously expresses Msx2 and Pitx2. RT-PCR and Western blot
assays reveal that two Pitx2 isoforms are expressed in the LS-8
cells. Msx2 represses the activity of the Dlx2 promoter in CHO
cells and coexpression of both PITX2 and Msx2 resulted in tran-
scriptional antagonism of the Dlx2 promoter. Electrophoretic mo-
bility shift assays demonstrate that factors in LS-8 cells specifically
interact with PITX2. Our data suggest that these factors act to
s of reproduction in any form reserved.
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269SDB Meeting Abstractsnegatively regulate PITX2 transcriptional activity. Thus, Dlx2 gene
xpression is regulated by antagonistic effects between PITX2,
sx2, and factors expressed in the tooth epithelia.
46. Identification of Differentially Expressed Genes in Tabby
Mutant Mice Using Subtractive Hybridization. R. T. Jaatinen
and I. Thesleff. Developmental Biology Program, Institute of
Biotechnology, University of Helsinki, P.O. Box 56, (Viikin-
kaari 9), FIN-00014 Helsinki, Finland.
Ectodermal dysplasia syndromes affect the development of sev-
eral epidermal/mesenchymal derived organs such as hair, teeth,
and exocrine glands. Two mouse genes involved in these syn-
dromes have been identified in recent studies, namely, TNF family
ligand, ectodysplasin, encoded by the Tabby gene, and its receptor,
edar, encoded by the downless gene. Both genes were expressed in
epithelial layer of tooth and hair follicles thus regulating the
morphogenesis. Recently, the expression of ectodysplasin was
found to be upregulated by Wnt6, whereas edar was induced by
activin bA in developing tooth cultures (J. Laurikkala et al., 2001,
ev. Biol. 229, 443–455). However, the downstream targets of
ctodysplasin signaling are largely unknown. Therefore, we have
nitiated a search for target genes by comparing the differential
xpression pattern between wild-type and Tabby mice in both skin
nd tooth tissues using suppression subtractive hybridization
SSH). We have started to analyze a library of 1200 candidate clones
erived from upper back skin of E14-stage wild-type and Tabby
ice generated by this method. These clones have been picked by
enetix Qpix robot, and arraying them into a filter, hybridization,
nd sequencing of the clones are in progress.
47. Analysis of in Vivo Genetic Ablation of the Hippocampus,
Cingulate Cortex, and Dentate Gyrus in Mice. O. Medina, H.
Ma, and M. Jamrich. Baylor College of Medicine, One Baylor
Plaza, Houston, Texas 77030.
During embryogenesis, the mouse retinal homeobox gene (mRx)
s activated between E7.5 and E8.0. At E8.5 Rx can be detected in
he anterior neural plate and later (E9.0) is restricted to a region
ncluding the optic sulci and a group of cells in the ventral
orebrain. By E15.5, Rx expression is confined to the neuroretina. In
he ventral forebrain of E10.5–E12.5 embryos, the primary sites of
xpression are the hypothalamus and the posterior pituitary. While
nalyzing the 59 flanking region of the mouse Rx gene, we unex-
ectedly found that a 2.6-kb Rx fragment LacZ transgene is
xpressed in the middle of the telencephalon at E10.5, a region
here Rx is not expressed. The transgene is expressed in the
rospective hippocampus of older embryos and in the cingulate
ortex and dentate gyrus of adult brains. We are using this regula-
ory element for in vivo tissue-specific ablation of these specific
ites by the Cre-LoxP recombinase system. We generated trans-
enic mice containing the 2.6-kb Rx fragment fused to the coding
egion of the diphtheria toxin subunit A (dta) in which the open
eading frame is interrupted by a LacZ reporter gene flanked by
oxP sites (lacZflox).These mice exhibited b-galactosidase activity
in the same areas of the brain as the original transgene. To activate
dta function, we will restore the dta ORF by using Cre-mediated
recombination to remove the lacZ. We expect that the hippocam-
pus, cingulate cortex, and dentate gyrus will be eliminated as a
consequence of dta function, providing us with a useful model
system for the study of function of these specific areas of the brain.
Copyright © 2001 by Academic Press. All right448. The Expression Pattern of the cdo Gene in the Developing
Cerebral Cortex. A. Okada and S. McConnell. Stanford Uni-
versity, Stanford, California 94305.
A number of novel and known genes whose spatiotemporal
expression patterns suggest that they may play important roles in
the ontogeny of the brain have been isolated. Using in situ
hybridization, we present the expression pattern in the developing
rat brain of one of these molecules—a gene previously reported by
Kang et al. (1998, J. Cell Biol. 143, 403) and named CDO. cdo
appears to be a receptor, with an extracellular domain of 967
residues consisting of five immunoglobulin domains, three
fibronectin-like domains, one transmembrane of 26 residues, and a
cytoplasmic domain of 255 residues. Functional studies of CDO in
immortalized myoblast cell lines have implicated a role for CDO in
the decision process of myoblasts to undergo differentiation. The
temporal onset and restricted expression of cdo in the CNS suggest
an important role for cdo in the developing nervous system.
449. The Role of MEF2C in Cardiac Chamber Specification. Louise
R. Jalbert,* Weizhen Bi,† Peter Cserjesi,‡ and John J.
Schwarz.* *Cardiovascular Sciences, Albany Medical Col-
lege, Albany, New York 12208; †Department of Internal
Medicine, University of Texas Medical School, Houston,
Texas 77030; and †Cell Biology and Anatomy, Louisiana State
University Health Science Center, New Orleans, Louisiana
70112.
The cardiac anomalies displayed by MEF2C null mice suggest
chamber specification is dependent on MEF2C. Mice lacking the
MEF2C gene fail to form a right ventricle, have a hypoplastic left
ventricle, and have a relatively large common atrium and sinus
venosus. This loss of anterior chambers occurs prior to tube
formation. The mutant ventricle is too small to undergo normal
ventricular looping, but its connection to the atrium translates to
the left side of the embryo normally. Moreover, expression of the
transcription factor Hand1, although delayed and reduced, exhibits
its normal anterior–posterior and dorsal–ventral pattern, indicating
that the heart is responding properly to positional cues. Peristaltic
contraction occurs later than normal and there is little or no blood
flow observed outside of the heart. To determine affected genes, a
series of RNA transcripts was profiled and a putative transcrip-
tional regulatory hierarchy was constructed. It appears that MEF2C
is required for normal ventricular-specific expression of the tran-
scription factors Hand1, GATA 5, GATA 6, MEF2A, and MEF2D.
Atrial expression of these transcripts is unaffected. Further, a
MEF2B intron that is normally spliced in the atria but not in the
ventricle is spliced in both chambers of MEF2C nulls. These
ventricular-restricted effects support the notion that MEF2C is
required for ventricular but not atrial transcriptional regulation.
450. Developmental Regulation of Alternative Splicing Correlates
with a Switch from Nuclear to Cytoplasmic Isoforms of the
Splicing Activator, ETR-3. A. N. Ladd and T. A. Cooper.
Department of Pathology, Baylor College of Medicine, Hous-
ton, Texas 77030.
Alternative splicing generates developmental stage-specific iso-
forms of many muscle proteins, including myogenic transcription
factors, metabolic enzymes, and myofibrillar proteins. Cardiac
troponin T (cTNT) undergoes a developmentally regulated switch
in alternative splicing such that exon 5 is included in embryonic,
but not adult, striated muscle. The resultant isoforms have differ-
s of reproduction in any form reserved.
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developing muscle. This developmental switch is conserved in
birds and mammals. We have reported that the switch in cTNT
splicing correlates with a conserved transition from high- to
low-molecular-weight isoforms of ELAV-type RNA binding protein
3 (ETR-3) in developing mouse and chicken heart. We further
showed that a human ETR-3 isoform specifically binds RNAs
containing cTNT muscle-specific enhancer elements (MSEs) in
vitro and promotes MSE-dependent exon inclusion of cTNT mini-
genes in vivo. We propose that ETR-3 is responsible for the
evelopmental regulation of cTNT alternative splicing. To deter-
ine whether the intracellular localization of ETR-3 is affected by
he shift in ETR-3 isoforms during heart development, embryonic
nd adult chicken hearts were separated into nuclear and cytoplas-
ic fractions and Western blotting was performed. The high-
olecular-weight ETR-3 protein found in embryonic heart was
uclear, whereas the low molecular weight form found in adult
eart was cytoplasmic. Thus, consistent with our model, we find
hat loss of nuclear ETR-3 correlates with loss of exon 5 inclusion
n cardiac cTNT transcripts.
51. Pax3 Hypaxial Muscle Expression Is Regulated by Unique
and Separable Enhancer Elements. C. B. Brown and J. A.
Epstein. University of Pennsylvania, Philadelphia, Pennsyl-
vania 19104.
Mutations in the paired box transcription factor Pax3 are respon-
sible for the mouse mutant Splotch. Homozygous Splotch mice die
during midgestation and display a complex phenotype including
absence of hypaxial musculature and neurocristopathies. During
myogenesis, Pax3 is first expressed throughout the epithelial
somite and is later restricted to the lateral myotome. Only hypaxial
muscle formation is defective in Splotch, while epaxial muscula-
ture develops normally. To analyze the regulation of Pax3 expres-
sion during myogenesis, we have examined genomic sequences
upstream of the Pax3 coding region and intron 1 for enhancer
function. We have previously demonstrated that regulatory ele-
ments for neural expression of Pax3 reside within 1.9 kb proximal
to the Pax3 transcription start site. Reporter gene expression in
transgenic mice generated with 6.5 kb of proximal DNA sequence
or the 1.9-kb element with intron 1 was identical to the original
1.9-kb elements. Mice generated with 15 kb of proximal genomic
sequence demonstrated expression in lateral dermamyotomal lips
of the somites and in migratory myoblasts in the limbs in addition
to the neural domains. By comparative sequence analysis between
mouse and human we were able to identify three potential myo-
genic enhancers upstream of the neural regulatory elements. We
have demonstrated that an 1178-bp element encompassing 479 bp
of conserved sequence is sufficient to drive expression in hypaxial
muscle precursors, but not the epithelial somite or axial muscle.
Thus, Pax3 expression in hypaxial and axial muscle precursors
appears to be independently regulated by unique and separable
enhancer elements.
452. Conservation of Adjacent Pax3 and Sox10 Binding Sites in
Mouse and Human c-ret Enhancer. Deborah Lang and
Jonathan A. Epstein. University of Pennsylvania, Philadel-
phia, Pennsylvania.
Hirschsprung disease (HD) and Waardenburg syndrome (WS) are
uman genetic diseases characterized by distinct neural crest
efects. HD patients suffer from gastrointestinal motility disorders
hile WS consists of melanocyte defects, deafness, and craniofacial
Copyright © 2001 by Academic Press. All rightabnormalities. Gene mutations responsible for these diseases have
been identified, and some patients have been described with
characteristics of both disorders. We have previously demonstrated
that pax3, which is often mutated in WS, is required for normal
enteric ganglia formation and for expression of c-RET, which is
often mutated in HD. In addition, Sox10, which is mutated in some
HD patients and in DOM mice functions with Pax3 to activate
transcription of c-RET. Pax3 and Sox10 bind to adjacent sites in the
human c-RET promoter. We have now cloned and sequenced the
mouse c-ret promoter and upstream genomic region. Approxi-
mately 3.5 kb upstream of the transcriptional start site we have
identified a 35-bp region that is 86% homologous to the corre-
sponding human sequence. Within this region, the Pax3 and Sox10
binding sites are 100% conserved. We have also characterized two
other upstream conserved regions (37 and 132 bp that are 90 and
88% identical, respectively). These conserved regions fall within a
repressor domain as demonstrated by cell culture transfection
assays. The evolutionary conservation and relative position of
adjacent Pax3 and Sox10 binding sites suggests a conserved mo-
lecular pathway regulating enteric ganglia development. Mutations
in these conserved enhancer regions may provide an alternative
mechanism for genetic deregulation in Hirschsprung disease.
453. Identifying Regulatory Regions Conferring Progenitor versus
Postmitotic Neuron Expression of a Retinal Transcription
Factor. S. Rowan and C. L. Cepko. Harvard Medical School,
Boston, Massachusetts 02446.
Cell fate decisions in the retina, as in all developing tissues,
requires the action of transcription factors. In the past few years, a
number of these transcription factors have been identified as
members of the paired class of homeoproteins. One such factor is
Chx10 which may regulate the bipolar neuron fate. Bipolar neurons
are generated late in retinal development from a progenitor pool
that also gives rise to rod photoreceptors. Mice lacking Chx10
protein have small eyes and are devoid of bipolar neurons. This
phenotype fits well with the expression patterns of Chx10 which is
expressed in both retinal progenitors as well as mature and devel-
oping bipolar neurons. To better understand how Chx10 may be
involved in bipolar neuron fate decisions, we have undertaken an
analysis of its promoter and upstream regions to identify enhancers
that regulate its expression in development and bipolar neurons.
Studies will be presented that utilize electroporation to introduce
reporter constructs into chick embryos in ovo or chick and rodent
retinal explants. Further studies will be presented on analysis of
select reporter constructs using transgenic mice.
454. Mouse Six3 Interacts with the Groucho-like Grg Protein and
Functions as a Transcriptional Repressor. C. C. Zhu, O. V.
Lagutin, and G. Oliver. Department of Genetics, St. Jude
Children’s Research Hospital, 332 North Lauderdale, Mem-
phis, Tennessee 38105-2794.
Recent findings suggest that Six3, a member of the evolutionar-
ily conserved so/Six homeodomain family, plays an important role
during development of the vertebrate visual system. However,
little is known about the molecular mechanisms by which this
function is accomplished. Although several members of this family
interact with members of the eyes absent (Eya) group and function
as transcriptional activators, Six3 does not interact with any
known members of the Eya family; until now, no specific interact-
ing partner has been identified for this protein. In this study, we
s of reproduction in any form reserved.
271SDB Meeting Abstractsidentified the murine transcriptional corepressor Grg (a Drosophila
Groucho homolog) as a Six3-interacting protein. We showed that
Grg also interacts with Six6, a closely related family member that
also appears to be required during vertebrate eye development. The
interaction between Six3 and Grg is mediated by their specific
domains: the Six domain of Six3 and the Q domain of Grg. We
detected Grg expression in the mouse ventral forebrain and devel-
oping optic vesicles as early as E9.5, and its expression overlapped
that reported for Six3 and Six6. Tissue culture experiments showed
that Six3 and Six6 act as potent transcriptional repressors. Their
repression activity increased when cells were cotransfected with
Grg. Deletion of the Grg-interacting domain in Six3 eliminated the
Six3 active repression function. Our results suggest that during
vertebrate development, Six3 and the closely related Six6 repress
transcription by recruiting corepressors of the Groucho gene fam-
ily.
455. Quantification of Right-Handed B-DNA in Hereditary Cata-
racts. C. E.Gagna,*,† E. Lorig,* J. Coutinho,* and W. C.
Lambert.† *Life Sciences, New York Institute of Technology,
Old Westbury, New York 11568; and †Department of Pathol-
ogy, UMDNJ–Medical School, Newark, New Jersey 07103.
The ocular lens of vertebrates synthesizes structural proteins
called crystallins. One hypothesis for hereditary cataract is that an
aberrant crystallin may be unable to interact properly with the
other crystallins to form a transparent lens. Our group employed
the Philly mouse cataract model (male and females 3 months old)
in order to investigate how hereditary cataract might be regulated
by right-handed B-DNA. Mouse eyes were processed in a novel
alcohol–formalin fixative. Tissue sections were stained with anti-
B-DNA antibodies. Using a image analysis system we determined
that within fiber cells B-DNA content increased. The novel fixative
produced superior immunohistochemical results. Our data indi-
cate that lens fiber growth is uncontrolled, probably due to the
increase of DNA and the unregulated expression of mutated
B-DNA gene segments. (Supported by an NYIT-AAUP grant.)
456. Characterization of the Zebrafish Ortholog of the Human
Tumor Suppressor FHIT. A. P. O’Connor, Y. Pekarsky, C.
Croce, C. Brenner, and S. A. Farber. Kimmel Cancer Center,
Thomas Jefferson University, Philadelphia, Pennsylvania
19107.
One of the earliest and most frequent events in lung cancer
development is loss of the Fragile Histidine Triad (FHIT) gene. Pace
and co-workers (1998, PNAS 95, 5484–5489) proposed that a
Fhit–diadenosine polyphosphate complex signals for apoptosis in
tumor suppression. Fhit2 mice get cancer but developmental
abnormalities have not been observed. The zebrafish (Danio rerio)
has advantages over murine models due to the embryo’s rapid
development and optical clarity, which can facilitate genetic
screening. As a first step toward understanding FHIT gene function,
we cloned the zebrafish ortholog and found that the encoded
protein is 76% identical to human Fhit. FHIT expression was
studied both by whole mount in situ hybridization and by RT-PCR
and found to be maternally expressed and continue throughout
development, although levels drop strikingly prior to somitogen-
esis. In situ hybridization experiments indicate that FHIT expres-
sion is localized to the brain, pancreas, and gills in the hatching-
and larval-stage embryos. Currently we are investigating the role of
Copyright © 2001 by Academic Press. All rightstress in Fhit expression and are using Fhit antisense morpholino
oligonucleotides to investigate the role of Fhit during development.
457. Possible Involvement of Light and Auxin in Plant–Plant
Interaction. M. Fellner, A. Cocke, L. Horton, E. D. Ford, J. D.
Cohen,* and E. Van Volkenburgh. University of Washington,
Seattle, Washington 98195; and *University of Minnesota, St.
Paul, Minnesota 55108.
Modern corn varieties have been selected for productivity when
grown in crowded conditions. Plant–plant interaction may be
mediated by perception of changes in R-FR light ratio (R:FR) which
affects the auxin signaling pathway. We investigated growth re-
sponses of older and modern corn seedlings to light quality, auxin,
NAA, and inhibitor of auxin polar transport, NPA. Light stimu-
lated formation of seminal roots in etiolated 3394 seedlings (1990s
hybrid) much less than in 307 (1930s). In both genotypes, root
formation in etiolated seedlings was stimulated by NAA, whereas
NPA abolished the light-controlled root initiation. Etiolated co-
leoptiles in 307 were longer than in 3394. Coleoptile growth in 307
was inhibited by light, NAA, or NPA to the length of 3394
coleoptile. Coleoptile of 3394 showed reduced sensitivity to light,
NAA, or NPA, but growth was promoted by NAA at low concen-
trations. Likewise, 307 and 3394 seedlings grown in vivo also
showed different responses to light. There was no difference
between 307 and 3394 in level of free IAA in endosperm of
dark-germinated kernels or etiolated coleoptiles. R or FR increased
IAA level in the endosperm of 3394 but not in 307. In both
genotypes, R or FR reduced the IAA level in coleoptiles. Literature
reports show that endogenous auxin stimulates elongation and R or
FR inhibits auxin polar transport in corn coleoptiles. We hypoth-
esize that differential sensitivity to R or FR in 307 and 3394
seedlings causes differential auxin distribution resulting in differ-
ent patterns of plant growth and leaf development.
458. Evidence for Independent Systems for the Communication of
Positional Information in Epithelial and Interstitial Cells in
Hydra. S. L. Kauffman, S. Sherman, and A. Grens. Indiana
University, South Bend, Indiana 46634.
Hydra vulgaris, a simple freshwater cnidarian, is an ideal system
for studying the mechanisms by which cells communicate about
their relative position in the organism. The animal is composed of
two epithelial layers, the cells of which are continuously mitotic.
This leads to a continuous displacement of tissue toward the
extremities of the animal and out into buds. Cells of the interstitial
cell lineage, including neurons, nematocytes, and secretory cells,
are located in the interstices between the epithelial cells and are
carried along by this tissue displacement. Thus cells of all three
lineages in hydra are continuously changing their location along
the apical–basal axis of the animal. It has long been assumed that
the interstitial cells obtain information about their relative posi-
tional value from adjacent epithelial cells, since epithelial cells are
known to control patterning and morphogenetic processes. In this
work we present results showing that treatment which alters the
positional value of epithelial tissue does not lead to a corresponding
alteration in the positional value of the interstitial cells interca-
lated in that tissue. This suggests that these lineages have evolved
separate mechanisms for determination and communication of
relative location along the apical–basal axis, which operate inde-
pendently, and that cells of the different lineages do not commu-
nicate positional information across lineage boundaries in spite of
their spatial proximity and coordinate movement.
s of reproduction in any form reserved.
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272 Developmental Biology Volume 235, 2001459. Regulation of Cell Fusion in Caenorhabditis elegans. S. Alper
and C. Kenyon. University of California, San Francisco,
California.
Cell fusion is a common process in Caenorhabditis elegans. The
. elegans epidermis consists of several multinucleate syncytia
hat are generated by the fusion of cells throughout development.
he largest syncytium is hyp7, which spans most of the length of
he worm and which contains 133 nuclei. To study the formation
f this syncytium, we isolated mutations that prevent fusion of one
et of cells that fuse with hyp7, the 12 Pn.p cells that line the
entral surface of the worm. We identified two genes that affect
n.p cell fusion by altering Hox protein activity. The fusion
ecision of the Pn.p cells is controlled by two Hox genes, lin-39 and
ab-5. lin-39 is expressed in the midbody [P(3-8).p] and in her-
aphrodites prevents fusion of these cells. mab-5 is expressed
ore posteriorly [in P(7-11).p] in both sexes, but is not active in
ermaphrodite Pn.p cells. In ref-1(mu220) hermaphrodites, P9.p
nd P10.p fail to fuse with hyp7, largely due to inappropriate
ctivation of MAB-5. ref-1 encodes a protein with two basic
helix–loop–helix domains of the hairy/E(spl) subfamily. In males,
lin-39 and mab-5 each individually prevent Pn.p cell fusion in
(3-6).p and P(9-11).p, respectively. However, in P7.p and P8.p,
here both Hox genes are expressed in the same cell, they
eutralize each other’s activities, so that P7.p and P8.p fuse with
yp7. In ref-2(mu218) males, P7.p and P8.p fail to fuse with hyp7,
erhaps because LIN-39 and MAB-5 fail to cancel each other’s
ctivities. ref-2(mu218) is a dominant regulatory mutation that
ffects a zinc finger transcription factor. Using RNAi, we have
emonstrated that ref-2 is required to keep Pn.p cells unfused. We
re currently trying to define the relationship between ref-2 and the
ox genes.
60. p38 Activity Is Required for Embryonic Skeletal Patterning in
the Sea Urchin. C. A. Bradham and D. R. McClay. Duke
University, Durham, North Carolina.
p38 MAPK is a highly conserved signaling kinase that, upon
ctivation, enters the nucleus to phosphorylate and activate tran-
cription factors. To determine the role of p38 in sea urchin
evelopment, SB203580 (SB), a potent and specific inhibitor of p38,
as employed. SB treatment selectively inhibited skeletogenesis. A
ime course indicated that after the hatched blastula (HB) stage,
mbryos were no longer sensitive to p38 inhibition. Consistent
ith this, Western blotting with anti-phospho-p38 antibody indi-
ated that p38 became active at HB stage. When embryos were
reated with SB from the HB to mesenchyme blastula (MB) stage
nly, skeletogenesis was restored, although skeletal patterning was
bnormal. Primary mesenchyme cells (PMCs) produce the skel-
ton, while skeletal patterning information resides in the ecto-
erm. Immunostaining of HB stage embryos indicated that active
38 is localized to the ectoderm. Further, PMC transplant experi-
ents indicate that p38 functions in the ectoderm and not in the
MCs. Taken together, these data indicate that p38 activation
lays an essential role in ectodermal patterning of the embryonic
keleton.
61. T-Box Genes in the Sea Urchin, Lytechinus variegatus. J. M.
Gross and D. R. McClay. Duke University, Durham, North
Carolina 27710.
Genes belonging to the T-box family of transcription factors are
haracterized by the T-domain, a 180- to 200-amino-acid region of
Copyright © 2001 by Academic Press. All righthe protein that functions in DNA binding. T-box proteins can
ctivate or repress transcription of downstream genes and are
hought to form dimers to achieve this regulation. Members of the
-box family have been identified in all metazoan phyla examined
nd in many phyla numerous genes comprising various T-box
ubfamilies have been cloned. These genes play important roles in
iverse aspects of animal embryogenesis and, additionally, have
een linked to several human pathologies. This study, therefore,
ought to identify and characterize T-box genes in the sea urchin
hroughout development. To that end several T-box genes have
een cloned; orthologues of Brachyury, Tbx2/3, Tbx4/5, T-brain/
omes, and Tbx6 with several other clones under characterization.
urthermore, the protein products of these genes have been char-
cterized and implicated to function in various aspects of sea
rchin embryogenesis. For example, LvBrachyury is necessary for
he gastrulation movements of the endoderm while LvTbx2/3
ppears to be involved in oral/aboral axis formation. Studies are
urrently under way to identify the full complement of T-box genes
n the sea urchin and to continue generating antibodies and
onstructs in order to localize and determine the role of each T-box
ene during sea urchin embryogenesis.
62. Goosecoid and BMP2/4–Smad5 Pathways Have Separable
Roles along the Sea Urchin Embryo Oral–Aboral Axis. L. M.
Angerer,* D. W. Oleksyn,* A. M. Levine,* X. Li,† W. H.
Klein,† and R. C. Angerer.* *Department of Biology, Univer-
sity of Rochester, Rochester, New York 14627; and †Depart-
ment of Biochemistry and Molecular Biology, University of
Texas M. D. Anderson Cancer Center, Houston, Texas 77030.
Patterning along the oral–aboral (OA) axis of sea urchin embryos
epends on maternally derived vegetal signals. We have found that
trongylocentrotus purpuratus goosecoid (SpGsc) links vegetal
ignaling to OA patterning. SpGsc is transcribed briefly in primary
esenchyme cell (PMC) precursors and persistently in presump-
ive oral ectoderm. SpGsc, a repressor, antagonizes the ubiquitous,
ositive regulator, SpOtx, that is required for aboral ectoderm.
orpholino-mediated SpGsc translational interference converts all
ells except PMCs to aboral fate, suggesting that SpGsc respecifies
ells provisionally specified as aboral by SpOtx. SpGsc morpholino
lso prevents mesendoderm differentiation, presumably by inter-
ering with SpGsc’s transient vegetal function. Importantly, SpGsc
ranscription in oral ectoderm is prevented by blocking vegetal
ignaling via cadherin mRNA injection, providing the first molecu-
ar link between OA and animal–vegetal patterning. In contrast,
his does not block transcription of BMP2/4, which is important for
boral ectoderm differentiation (Angerer et al., 2000, Development
27, 1105). The paradox that BMP2/4 mRNA is enriched orally is
esolved by finding that Smad5 (C. Ettensohn, Carnegie Mellon)
RNA is enriched aborally. Finally, morpholino blockage of
olloid or Smad5 translation confirms that BMP signaling is re-
uired for aboral ectoderm development. Identification of upstream
egulators of Smad5 and SpGsc will help define the mechanisms
hat initiate OA asymmetry.
63. Statistical Features of Expression of the Segmentation Genes
in Early Drosophila Development at Single-Nucleus Resolu-
tion. A. V. Spirov,* D. M. Holloway,† D. Kosman,‡ and J.
Reinitz.§ *Russian Academy of Sciences, St. Petersburg,
194223, Russia; †University of British Columbia, Vancouver,
British Columbia, V6T 1Z1, Canada; ‡University of Califor-
s of reproduction in any form reserved.
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273SDB Meeting Abstractsnia, San Diego, California; and §SUNY at Stony Brook, Stony
Brook, New York 11794-3600.
We present fluorescence intensity data (at single-nucleus reso-
lution) on a statistical number of Drosophila embryos, visualizing
representative protein products from three segmentation hierar-
chies: maternal (bcd and cad); gap (hb, kr, and gt); and pair-rule (eve,
ftz, and odd). We have begun statistical analyses to describe
variability in expression both within single embryos and between
embryos. Within single embryos, we calculate deviations of
nuclear expression from a reference level. Between embryos, we
calculate means, standard deviations, and fractional error (coeffi-
cient of variation) for expression at each nucleus. This work is a
first experimental step toward evaluating theoretical predictions
from the UBC group regarding the effect of natural concentration
fluctuations in the hierarchical specification of Drosophila seg-
ments. These predictions include an observation of the inverse
relation between concentration and fractional error and the obser-
vation of increasing fractional error in the maternal to gap to
pair-rule hierarchy, if the reading mechanisms between these
hierarchical levels do not adequately suppress concentration fluc-
tuations.
464. Drosophila Bunched Maintains a Cell Fate Boundary by
Regulating Notch Signaling. L. A. Raftery and L. L. Dobens.
Massachusetts General Hospital/Harvard Medical School,
Charlestown, Massachusetts 02129.
The formation of cell fate boundaries is a critical step during
pattern formation. In some Drosophila tissues, long-range signaling
positions a boundary, and short-range signaling via the Notch
receptor maintains the boundary. Notch activation is spatially
restricted in part by the expression patterns of ligands and the
galactosyl transferase Fringe. During oogenesis, the somatic follicle
cell (FC) epithelium organizes into posterior columnar FC and
anterior squamous FC. At this boundary, the centripetally migrat-
ing FC become distinct and then migrate into the germ cell
complex to create the structures of the anterior eggshell, including
the operculum. The operculum boundary is positioned by the
relative levels of Dpp and EGF morphogens. Anterior eggshell
structures also require Notch; decreased Notch activity with a
Notch[ts] allele leads to defects in centripetal migration. We show
that Bunched, a member of the TSC-22 transcription factor family,
integrates long-range signals to set the operculum boundary by
repressing short-range Notch signaling. Reporter expression indi-
cates that bunched expression is limited to posterior follicle cells
through EGF stimulation and Dpp repression. The anterior expres-
sion boundary is reinforced by mutual repression beween Bunched
and Mirror, a homeodomain transcription factor. Bunched repres-
sion of Mirror permits Fringe expression in posterior FC, and Fringe
is sufficent to repress a centripetally migrating FC marker. We
conclude that balanced feedback between Bunched, Mirror, Fringe,
and Notch signaling maintains the boundary for anterior follicle
cells.
465. Ras1 Is Required Cell Autonomously in the Drosophila
Follicular Epithelium for pipe Repression and Dorsal Follicle
Cell Migration. K. E. James and C. A. Berg. University of
Washington, Seattle, Washington 98195.
In Drosophila, dorsoventral (D/V) axis formation begins with
cell communication during oogenesis. The oocyte produces a
dorsally localized TGF-a (Gurken) which signals via Egfr to the
Copyright © 2001 by Academic Press. All rightverlying follicular epithelium, inducing dorsal cell fate markers. A
uccessfully established D/V axis produces assymetry of both the
ocyte and the eggshell. Activation of Egfr in FCs leads to: (a)
epression of pipe, an early determinant of ventral embryo fate, and
b) activation of an Egfr autoregulatory cascade that results in two
orsolateral populations of FCs which will migrate and secrete the
rominent dorsal chorionic appendages of the eggshell. Ras1 trans-
uces Gurken-mediated Egfr activity during D/V axis formation.
nlike gurken and Egfr mutants, however, which lay eggs with
efects in both eggshell and embryo patterning, viable Ras1 mu-
ants lay eggs with only eggshell defects. To test whether a bypass
athway may function instead of Ras1 in embryonic patterning, We
enerated Ras1 null FC clones and analyzed expression of the
mbryo patterning marker pipe-LacZ (pLZ) for disruptions in the
osaic egg chambers. pLZ is derepressed cell autonomously in
orsal and lateral FC clones. These data support the hypothesis that
as1 is required for embryonic D/V patterning. In addition, we
ever observed cell nonautonomous effects on the pipe-LacZ
xpression pattern in mosaic egg chambers; thus, Ras1 is not
imply an initiator of a secondary signal for embryonic patterning.
inally, analysis of late stage mosaic egg chambers reveals that
as1 null cells never participate in dorsal FC migration. Confocal
nalyses show that as few as eight wild-type FCs neighboring a
arge dorsal clone can organize to coordinate the synthesis of the
orsal chorionic appendages.
66. Isolation of Factors That Directly Interact with Sine Oculis.
K. L. Kenyon, C. R. Clouser, and F. Pignoni. Deptartment of
Ophthalmology, Harvard Medical School/MEEI, Boston, Mas-
sachusetts.
The transcriptional regulator Sine oculis (So) functions through-
ut Drosophila development. Sine oculis exhibits a complex ex-
ression pattern that suggests potential functions in the formation
f eye, brain, leg, wing, olfactory, and reproductive systems. To
ate, most of the data regarding the function of Sine oculis have
ocused on its role in the formation of the visual system. Func-
ional studies have shown that So is a critical factor in the
pecification of eye tissues. In addition, available evidence indi-
ates that So functions as a transcription factor and associates with
he nuclear factor Eyes absent (Eya) through protein–protein inter-
ctions. As a complex, So and Eya are able to ectopically activate
he program for eye development (Pignoni et al., 1997). Clearly,
ine oculis and Eyes absent are required for the formation of the
ye. However, these genes cannot be considered solely as “eye-
pecification” factors. Both are expressed in embryonic or larval
issues other than the eye primordium. Likely, additional cofactors
ediate context dependent actions of Sine oculis and Eyes absent.
o address this issue, we used the yeast two-hybrid system to
dentify additional proteins that directly interact with the Six
omain of Sine oculis. This screen yielded six potential cofactors.
hree novel factors were found: a zinc finger gene, a gene contain-
ng a proline-rich domain, and an unknown gene. In addition, the
asic helix–loop–helix factor Amos, the transcription factor
AF250, and the transcriptional corepressor Groucho were also
ound to interact with the Six domain. Further studies of these
dentified factors will include loss-of-function and gain-of-function
nalysis.
67. The Drosophila Dx16 Gene Encodes a Member of the Serine/
Arginine-Rich Family of Splicing Factors That Affects Pattern
Formation in Imaginal Discs. Wei Xie,*,† Robin Battye,* and
s of reproduction in any form reserved.
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274 Developmental Biology Volume 235, 2001Gabrielle L. Boulianne.*,‡ *Program in Developmental Biol-
ogy, The Hospital for Sick Children, 555 University Avenue,
Toronto, Ontario, Canada M5G 1X8; ‡Department of Mo-
lecular and Medical Genetics, University of Toronto, To-
ronto, Ontario, Canada; and †Laboratory of Developmental
Genetics, Department of Molecular and Medical Genetics,
Southeast University Medical School, Nanjing 210009, Peo-
ple’s Republic of China.
The Drosophila gene Dxl6 encodes a novel member of the
erine/arginine rich (SR) family of splicing factors which play an
ssential role in the recognition of the exonic splicing enhancers
hat control the choice of splice sites in primary transcripts. During
evelopment Dxl6 is expressed in the neuroectoderm and within
he embryonic central nervous system as well as within distinct
atterns in developing imaginal discs. To gain insight into the
unction of Dxl6 during development we analyzed mutations in the
ene generated by P-element insertion and EMS mutagenesis. We
nd that loss-of-function mutations in Dxl6 are pupal lethal but
ive rise to adult escapers at low frequencies (5%). Despite the high
evels of Dxl6 transcripts in the developing nervous system, we did
ot observe any defects in the embryonic CNS or PNS or at the
euromuscular junction of mutant larvae. The absence of a neuro-
al phenotype may reflect, in part, high levels of maternal RNA
nd protein that is deposited into the embryo and may be sufficient
or early embryonic development and the maturation of certain
issues. Interestingly, all escapers have defects in sensory bristles
n the notum and ocelli. In addition, approximately 30% of
scapers have developmental defects in both legs and wings. Taken
ogether, these data suggest that Dxl6 plays in important role in
attern formation within imaginal discs. Further studies are ongo-
ng to characterize the role of Dxl6 in the nervous system and to
dentify the targets of Dxl6 function during imaginal disc develop-
ent.
68. Abstract #468 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
69. short gastrulation Interacts with Integrins during Wing Vein
Development. H. M. Araujo, E. M. Negreiros, and E. Bier.
Department of Histology and Embriology, Federal University
of Rio de Janeiro; and University of California at San Diego.
During Drosophila wing morphogenesis a series of cell–cell and
cell–extracellular matrix interactions define the overall shape of
the wing and placement of wing veins. decapentaplegic, a homolog
of vertebrate BMP-4, is required for development of wing veinsand
is expressed in the vein primordia during early pupal development.
The BMP antagonist short gastrulation (sog) is expressed in a
complementary pattern to dpp in intervein cells and opposes the
vein-promoting activity of dpp. Regulated cleavage of Sog protein
by Tolloid, a member of the astacin family of metalloproteases, has
been hypothesized to generate forms with differential activities.
We have assayed for the interaction of sog with components of the
extracellular matrix and their receptors, based on the modification
of vein phenotypes of enhancer piracy-sog lines in which sog is
overexpressed. This analysis has revealed a genetic interaction
between sog and integrins. This interaction involves specifically
bPS and aPS1 integrin subunits, in addition to the novel aPS3
subunit. We also present evidence of a physical binding of a
low-molecular-weight form of Sog to aPS1. During pupal wing
development, integrins perform the main role of regulating appo-
Copyright © 2001 by Academic Press. All rightsition between the dorsal and ventral surfaces of the wing. Our
results suggest that, in addition to this role, integrins are important
for the formation of wing veins by binding and possibly regulating
the activity of Sog during pupal development.
470. EGF and TGF-b Signaling Collaborate in the Patterning of the
Follicular Epithelium during Drosophila Oogenesis. F. Peri,
A. Klaes, and S. Roth. Institute of Developmental Biology,
University of Cologne, Cologne, 50931, Germany.
The embryonic axes of Drosophila are specified during oogenesis
y interactions between the oocyte/nurse cell complex and the
verlying follicular epithelium. The follicular epithelium itself is
nown to be patterned by multiple signaling events and it has been
hown that the sequential activation of the EGF receptor leads to
he specification of distinct posterior and dorsal populations within
his cell monolayer. We have shown that EGF and TGF-b signaling
pathways collaborate to define different fates within the dorsal cell
population leading to the specification of defined chorionic struc-
tures in the mature egg. Moreover, the dorsal activation of the EGF
pathway restricts pipe expression to the ventral side of the egg
chamber which in turn initiates a proteolytic cascade leading to the
processing of an extracellular ligand able to specify the embryonic
dorsal–ventral axis. Current experiments indicate that EGF and
TGF-b signaling collaborate to control pipe expression during
oogenesis and that the TGF-b pathway is likely to provide anterior–
posterior information.
471. Might Sperm Chromatin Condensation Patterns Be Deter-
mined Kinetically, e.g., by Reaction–Diffusion?. Lionel G.
Harrison,* Harold E. Kasinsky,† and Manel Chiva.‡ *Chem-
istry and †Zoology, University of British Columbia, Vancou-
ver, British Columbia, Canada V6T 1Z4; and ‡University of
Barcelona, Barcelona, Spain.
In spermiogenesis of many diverse organisms, it has long been
well known that the nuclear chromatin achieves a high degree of
condensation by passing through a series of patterns, which may be
granular, fibrillar, or lamellar, but with the sequence always the
same within any one species. This raises the question of what
mechanism or mechanisms may determine the patterns as they
form sequentially. We (LGH) were asked whether a reaction–
diffusion (R-D) mechanism might be operating at any stage, with
particular reference to some sequences of lamellar patterning, e.g.,
in the homopteran Philaenus spumarius and the whelk Murex
brandaris. The patterns were, at some stages, strikingly similar to
ones known to be R-D generated in inanimate chemical systems,
except that the interlamellar spacings are 100,000 times greater in
the latter! Here, we describe analysis of these patternings suggest-
ing, albeit very tentatively, that the earlier stages seem to demand
explanation by action-at-a-distance dynamic patterning, such as
R-D, but that there is then a switch to a more crystallization-like
phenomenon, which is structural and not dynamically determined.
From this analysis, we have predicted where in the patterning
sequence the dephosphorylation of the sperm nuclear basic pro-
teins should occur.
472. A Mutagenesis Screen to Identify Maternal Factors Required
in Early Zebrafish Development. D. S. Wagner, R. Dosch,
K. A. Mintzer, and M. C. Mullins. Department of Cell and
Developmental Biology, University of Pennsylvania Medical
School, Philadelphia, Pennsylvania 19104.
s of reproduction in any form reserved.
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275SDB Meeting AbstractsEgg activation, initial cell proliferation, and early pattern forma-
tion rely on maternally derived mRNA and proteins deposited into
the egg. Later in development, maternal and zygotic gene products
act in combination to pattern the embryo. The identity and spatial
organization of some maternal factors have been investigated
through a combination of molecular and embryological methods.
To identify genes that are critical in the mother for normal
vertebrate embryonic development, we are conducting a four-
generation maternal-effect mutant screen. Such a screen provides
access to the full spectrum of maternal factors essential in verte-
brate development. We have identified maternal-effect mutants
with embryonic phenotypes which include defective egg and cho-
rion structures, defects in cell division, failure to complete epiboly
movements, and defects in embryonic pattern formation. Among
the latter group are mutants displaying ventralized phenotypes, a
mutant that lacks anterior neural structures, and mutants which
have defects in germline specification. These maternal-effect mu-
tants will provide a vital resource to investigate varied aspects of
egg biology and maternal control of vertebrate embryonic pattern-
ing.
473. Phenotypic Analysis of a Mutation That Disrupts Segmental
Gene Expression in Zebrafish. K. K. Dill and S. L. Amacher.
University of California, Berkeley, California 94720.
We are interested in the genetic regulation of vertebrate somi-
togenesis. We use a haploid-based genetic screen in zebrafish to
identify genes involved in somitogenesis. We screen for mutations
that disrupt expression of her1, a homolog of the Drosophila
pair-rule gene hairy. Zebrafish her1 is expressed in an oscillating
segmental pattern before the appearance of morphological somite
boundaries. Since her1 segmental expression precedes somite for-
mation, we anticipate that our screen will identify genes that act
early in the somitogenesis pathway. We report here our analysis of
b644, an ENU-induced mutation identified in our screen. Most
somite mutations studied to date either reduce her1 expression
levels or disrupt its segmental expression pattern. Some of these
mutations have been identified molecularly and include members
of the Notch–Delta signaling pathway. In b644 mutants, her1 is
expressed in normal stripes, but there are low levels of ectopic
expression in the regions between stripes. Based on the unique
expression pattern seen in b644 mutants, we predict that this
mutation will identify a gene involved in a different part of the
somite regulatory mechanism. Our long-term goal is to clone the
b644 gene and place it into a genetic pathway controlling somito-
genesis.
474. Cloning and Characterization of Novel T-Box Genes in Ze-
brafish. M. Nikaido and K. Araki. National Research Institute
of Aquaculture/Domestic Research Fellow, JST Hiruta 224-1,
Tamaki, Watarai, Mie, 519-0423, Japan.
T-box genes, which are transcription factors containing the
conserved DNA-binding domain (T-domain), are thought to be
implicated in the specification of early germ layers. To investigate
the involvement of T-box genes in early development of zebrafish,
we isolated two T-box genes. One of the newly cloned T-box gene
in our experiment encodes the protein closely related to human
tbx-1. Based on this similarity, we designated this as tbx-1. Accord-
ing to whole-mount in situ hybridization analysis, it was revealed
that zebrafish tbx-1 was expressed in the anterior mesoderm in late
gastrula, expected from the expression pattern of mouse homolog.
We designated the other T-box gene as tbx6-related protein (tbx6r), f
Copyright © 2001 by Academic Press. All rightbecause it is most similar to human tbx-6 in amino acid sequence
of T-domain. However, its carboxyl terminal region is quite differ-
ent from that of human tbx-6, implying that tbx6r is a novel
member of the T-box gene family. tbx6r mRNA was first observed
in paraxial mesoderm exclusively at early gastrula. Until segmen-
tation period, its expression pattern persists essentially unchanged;
namely, it is expressed in presomitic mesoderm. These expression
patterns suggested that tbx6r play an important role in develop-
ment of presomitic mesoderm. Functional analysis of tbx6r to
assess this hypothesis is in progress. The results of this analysis
will be presented.
475. Mutations Affecting Neural Crest Development in the Ze-
brafish. Alejandro Barrallo Gimeno and Ela W. Knapik. Insti-
tute for Mammalian Genetics, GSF Research Center for
Environment and Health, Neuherberg 85764, Germany.
Neural crest is a transient migratory stem cell population that
arises from the lateral edges of vertebrate neural plate and gives rise
to a wide variety of tissues and cell types, from craniofacial
cartilages to pigment cells and PNS. Here we describe character-
ization of two zebrafish mutants, mont blanc (mob) and quadro
(quo), identified during the ENU mutagenesis and screen in Boston.
The mob mutant embryos lack second to fourth branchial arch
cartilages and have reduced pigmentation. The quo mutant em-
bryos lack third to fourth branchial arch cartilages and present ear
malformations. Both mutations are lethal and mutant embryos die
at 5–6 dpf. We have performed in situ hybridization experiments to
analyze their early molecular phenotype. In both mob abd quo
utant embryos, the expression pattern of dlx2 is altered at 18 hpf,
howing abnormal neural crest migration into the pharyngeal
rches. Additionally, mob mutant embryos present a reduction in
xpression of neural crest markers, like crestin, fkd6, and snail2, in
raniofacial and trunk regions. Expression of these markers in quo
utant embryos is affected only in the pharyngeal region. The
xpression of a melanophore marker, dct, is affected in mob
mutant embryos, revealing a smaller number of pigment cells even
before the onset of pigmentation. Altogether, these results suggest
that mob and quo genes are required for normal formation of third
and fourth branchial arches. In addition, both genes have specific
roles in pigmentation and ear development. Detailed analysis of the
molecular phenotype of these mutations will be presented.
476. Abstract #476 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
477. Fgf8 and gFgf Function to Regulate the Production of Posterior
Mesoderm in Zebrafish. B. W. Draper, D. W. Stock, and C. B.
Kimmel. ION, University of Oregon, Eugene, Oregon 97403;
and EPOB, University of Colorado, Boulder, Colorado 80309.
When Fgf signaling is inhibited in both zebrafish and Xenopus,
embryos fail to form trunk and tail mesoderm. This phenotype is
strikingly similar to zebrafish embryos mutant for both no tail (ntl)
and spadetail (spt), two mesoderm-specific T-box genes. Consis-
ent with this, expression of ntl and spt during gastrulation has
een shown to depend on Fgf signaling. However, it is not clear
hich Fgf ligand(s) in zebrafish acts in the formation of trunk and
ail mesoderm. Zebrafish fgf8 is expressed at high levels in meso-
ermal precursors, in a domain that overlaps with both ntl and spt.
gf8 is thus a candidate for regulating the expression of ntl and spt
s of reproduction in any form reserved.
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276 Developmental Biology Volume 235, 2001during posterior mesoderm development. Surprisingly, fgf8 mu-
tants, called acerebellar (ace), have only mild posterior mesoderm
efects. We have recently identified a second Fgf ligand that is
xpressed in mesodermal precursors. Sequence analysis indicates
hat this Fgf, termed “germ ring (g)Fgf,” is a new but distinct
ember of the Fgf8/17/18 subgroup of Fgf ligands. We tested the
ypothesis that fgf8/ace and gfgf have overlapping functions in
mesoderm formation by knocking-down gfgf function in both
wild-type and fgf8/ace mutant embryos using gfgf-specific anti-
sense morpholino oligos (gfgf-MO). Whereas a gfgf-MO alone did
not noticeably affect posterior mesoderm production when injected
into wild-type embryos, it resulted in severe posterior mesoderm
deficiencies when injected into fgf8/ace mutant embryos. Thus gfgf
and fgf8 have redundant roles in the production of posterior
mesoderm in zebrafish.
478. Abstract #478 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
479. Pbx and Meis Genes Are Essential for the Specification of
Rhombomere Identity in Zebrafish. Andrew Jan
Waskiewicz,* Holly A. Rikhof,* Heike Po¨pperl,† and Cecilia
B. Moens.* *Howard Hughes Medical Institute, Fred
Hutchinson Cancer Research Center, Seattle, Washington
98109; and †Deutsches Krebsforschungszentrum, 69120 Hei-
delberg, Germany.
Vertebrate hox genes are expressed in overlapping domains in
the hindbrain, their expression domains coinciding with the
boundaries of morphological segments, the rhombomeres. Hox
proteins exist in multimeric complexes together with homeodo-
main cofactors known as Pbx and Meis. We have identified six meis
homologs from zebrafish and, using dominant negative mutants,
shown that they function together with Lzr, a zebrafish Pbx protein
required globally along the A/P axis for hox gene function. We have
also shown that meis overexpression partially rescues a zygotic
null lzr mutant, likely by stabilizing maternally derived Lzr pro-
tein. Furthermore, expression of dominant negative Meis enhances
the phenotype of zygotic lzr mutants. These results demonstrate
that Pbx and Meis cofactors have the novel function of mutual
stabilization and they indicate a critical role for the maternal lzr
transcript. Recent experiments have shown that removal of all Pbx
protein in the zebrafish embryo prevents expression of hoxa2,
krox20, hoxb2, hoxb1a, and val, which collectively define the
identities of rhombomere 2 through 6. Yet the distance between
the mid-/hindbrain boundary and the first somite remains un-
changed. We find that expression of ephA4a, a marker of rhom-
bomere 1, is expanded posteriorly to rhombomere 6, indicating that
these segments have adopted a hox-less identity. This demon-
strates that Pbx proteins, and by inference Hox proteins, are
required for the specification of segment identity within the
hindbrain.
480. The Role of Placticity in Boundary Formation in the Zebrafish
Hindbrain. Julie E. Cooke and Cecilia B. Moens. HHMI,
Division of Basic Sciences, Fred Hutchinson Cancer Research
Center, M/S B2-152, 1100 Fairview Avenue North, Seattle,
Washington 98109.
The developing vertebrate hindbrain is divided into segments
(rhombomeres) which underlie reiterated patterns of neuronal
Copyright © 2001 by Academic Press. All rightdifferentiation. Transplant experiments show that cells from dif-
ferent segments have different adhesive properties and suggest that
hindbrain cells can move over distances of several cell diameters
when repelled by cells of a different segment. Eph family signaling
molecules are implicated in specifying the adhesive differences
between rhombomeres that are important for establishing inter-
rhombomere boundaries. Is cell sorting the only mechanism re-
quired for establishing sharp interrhombomere boundaries, or do
cells of the developing hindbrain also show plasticity in their
segmental identities? We can distinguish between cell sorting and
the regulation of cell identity by tracking the behavior of individual
cells transplanted between rhombomeres. Surprisingly, we find
that cells transplanted from r3 to r4 are not repelled by their new
neighbors, but disperse widely within the heterotopic rhom-
bomere. Expression of krx20 (a r3/5 marker) becomes downregu-
lated in most of the donor cells. We are currently examining
whether changes in expression of Eph family molecules underlie
the ability of such donor cells to mix in the heterotopic location. In
some cases, we observe that cells fail to regulate their identity after
transplantation, and we are investigating whether the ability to
regulate corresponds with neuronal differentiation state by com-
paring the behavior of identified postmitotic cells with their
mitotic neighbors after transplantation to heterotopic locations.
481. Withdrawn.
482. spiel ohne grenzen/pou2 Is Required for Early Steps in the
Establishment of the Zebrafish Mid-/Hindbrain Boundary.
H.-G. Belting,* G. Hauptmann,* D. Meyer,* S. Abdelilah-
Seyfried,† A. J. Chitnis,‡ C. Eschbach,* C. Thisse,§ B.
Thisse,§ I. So¨ll,* K. B. Artinger,¶ and W. Driever.* *Biologie
I, Universita¨t Freiburg, D-79104 Freiburg, Germany; †Depart-
ment of Physiology, UCSF, San Francisco, California 94143-
0725; ‡Unit on Vertebrate Neural Development, NIH/
NICHD Laboratory of Molecular Genetics, Bethesda,
Maryland 20892; §IGBMC, 67404 Illkirch Cedex, France; and
¶Department of Cell Biology, Harvard Medical School, Bos-
ton, Massachusetts 02115.
The vertebrate midbrain–hindbrain boundary (MHB) organizes
patterning and neuronal differentiation in the midbrain and ante-
rior hindbrain. Formation of this organizing center involves dis-
tinct steps, including (i) positioning of the MHB in the neural plate,
(ii) establishment, and (iii) maintenance of its regional identity and
signaling activity. How MHB-specific gene expression is achieved
is not yet understood. We are studying the role of the spiel-ohne-
grenzen (spg) gene in MHB formation. We have identified pou2, a
member of the POU family of transcription factors, as the gene
affected in the spg mutation. pou2 is transiently expressed during
late gastrulation and early somitogenesis in the mid- and anterior
hindbrain. Expression of otx2 and gbx2 initiates accurately, indi-
cating that positioning of the MHB is normal in spg mutants. In
contrast, early MHB markers such as wnt1, pax2.1, and eng2
require spg/pou2 for proper initiation of their MHB expression
domains during late gastrulation. Our data show that spg/pou2 is
required for the establishment of the MHB and that it plays a
critical role in the regulation of MHB-specific genes.
483. Characterization of caudal hindbrain defective, a Novel
Gene Which Affects Caudal Hindbrain Pattern in Zebrafish.
E. L. Wiellette and H. L. Sive. Whitehead Institute for Bio-
s of reproduction in any form reserved.
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The vertebrate hindbrain is specified early in development,
during gastrulation. In zebrafish, cells which will contribute to the
caudal hindbrain (rhombomeres 4 through 7) can be characterized
at midgastrula stage by expression of molecular markers, including
hoxb1b, meis3, and nocA-like Zn-finger (nlz) (Sagerstro¨m et al.,
Dev. Dyn., in press). By the end of gastrulation, pattern in the
forming hindbrain has been refined, as indicated by expression of
krox20 and hoxb1a in future rhombomeres. At this stage the
xpression of valentino (val) (zebrafish)/kreisler (mouse) is required
for determination of rhombomeres 5 and 6. However, little else is
known about the molecular events which partition the hindbrain
into rhombomeres. We have isolated a mutation in zebrafish,
caudal hindbrain defective (chv), which results in loss of expres-
sion of val. Posterior genes normally dependent on val, including
ephrinB2, hoxb3, and the rhombomere 5-specific expression of
krox20, are correspondingly altered in chv mutants. In contrast,
genes marking regions of the anterior hindbrain, including the
rhombomere 3-specific expression of krox20, are expressed nor-
mally, suggesting that the function of chv is specific to the caudal
hindbrain. Initial specification of the caudal hindbrain appears
normal, since meis3 and nlz expression patterns are the same in
mutant and wild-type embryos. These data indicate that the
requirement for chv may be specific to the val regulatory pathway
and that chv regulates val to establish caudal hindbrain identity.
484. Analysis of the Role of dlx3 and dlx7 in Zebrafish Sensory
Placode Development. K. S. Solomon and A. Fritz. Emory
University, Atlanta, Georgia 30322.
Sensory placodes give rise to the ear and nose in the developing
vertebrate embryo. Although many mutations have been isolated
which lead to ear and nose developmental defects, no mutation has
been shown to lead to complete failure of sensory placode devel-
opment. Because of this, it has been postulated that a functional
redundancy may exist in the genetic mechanisms governing sen-
sory placode development. Here, we report a zebrafish mutation,
b380, which results in a complete failure of otic and olfactory
development. b380 is an approximately 6-cM deletion isolated in a
gamma-ray mutagenesis screen. It removes several known ESTs
and genes, including dlx3 and dlx7, two transcription factors that
share a homeobox similar in sequence to the Drosophila Distal-less
gene. dlx3 and dlx7 are particularly good candidates for the b380
otic and olfactory phenotype because they are among some of the
earliest genes known to be expressed in the otic and olfactory
primordia during zebrafish development. To address this issue, we
have injected morpholino antisense oligonucleotides designed to
specifically block translation of dlx3 and dlx7 into wild-type
zebrafish embryos. We then examined otic and olfactory develop-
ment of injected embryos both morphologically and by in situ
hybridization using RNA antisense probes for genes known to be
expressed in these embryonic structures. We find that injection of
the dlx3 morpholino leads to a reduction of otic vesicle size and a
decrease in expression of otic markers such as pax2 and dlx4 and
the olfactory marker anxV. We are unable to detect any otic or
olfactory abnormalities in embryos injected with the dlx7 morpho-
lino. However, coinjection of the dlx3 and dlx7 morpholinos leads
to more severe otic and olfactory defects than in embryos injected
with the dlx3 morpholino alone, and the expression patterns of otic
and olfactory markers in the coinjected embryos recapitulate the
patterns seen in b380 mutants. Based on the deletion mutant
Copyright © 2001 by Academic Press. All rightphenotype and our morpholino analysis, we conclude that dlx3 is
necessary and sufficient for proper otic and olfactory development
and that this function is partially redundant with dlx7.
485. Abstract #485 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
486. The Kru¨ppel-like Factor biklf Mediates Erythroid Cell Differ-
entiation in Zebrafish. A. Kawahara and I. B. Dawid. Labora-
tory of Molecular Genetics, National Institute of Child
Health and Human Development, National Institutes of
Health, Bethesda, Maryland 20892.
The zebrafish biklf gene encodes a novel Kru¨ppel-like transcrip-
tion factor containing three contiguous zinc fingers at the
C-terminus. Expression of biklf is detected from the shield stage
onward in the developing prechordal plate, and as a “baseball
seam”-like lateral stripe beginning at the end of gastrulation. At
the five-somite stage the lateral expression domain separates into
two distinct stripes, one in the ectoderm and the other in blood
islands in the lateral plate mesoderm. biklf continues to be prefer-
entially expressed in blood islands throughout zebrafish embryo-
genesis. Expression of biklf in blood islands is expanded in the
ventralized mutant, chordino, but is suppressed in the early hema-
topoiesis mutants, cloche and vampire, in which blood formation is
strongly impaired. Furthermore, promoter analysis of the
erythroid-specific genes, gata1 and b-globin, showed that biklf can
act as a transcriptional activator for the promoter region of both
genes. We propose that biklf is a key molecule for erythroid cell
differentiation in zebrafish.
487. Large-Scale Mutagenesis Screen to Define Hemangioblast
Development in the Zebrafish. B. Schmid,* K. A. Dooley,* A.
Davidson,* N. White,* the Tu¨bingen 2000 Screen Consor-
tium,† and L. I. Zon.* *Children’s Hospital, Howard Hughes
Medical Institute, Boston, Massachusetts 02115; and †Arte-
mis Pharmaceuticals GmbH, 72076 Tu¨bingen, Germany, and
Max-Planck Institut fu¨r Entwicklungbiologie, 72076 Tu¨-
bingen, Germany.
Vertebrate blood originates from self-renewing hematopoietic
stem cells (HSC) and their subsequent differentiation into all blood
lineages. HSCs are derived from a bipotential precursor, the he-
mangioblast, which has the potential to give rise to both blood and
blood vessels. The known components of the molecular pathway of
ventral mesoderm induction and subsequent HSC induction are
conserved in all vertebrates. The molecules involved in the induc-
tion of HSC, however, are largely unknown. Previous genetic
screens in zebrafish identified only very few mutations affecting
hemangioblast specification and differentiation. We have therefore
undertaken a large-scale mutagenesis screen to genetically charac-
terize HSC specification and early hematopoietic development. To
date, we screened 2022 genome equivalents for mutations with
altered expression pattern of the earliest blood-specific marker scl
(stem cell leukemia factor) using RNA in situ hybridization.
Thirty-two potential mutants were isolated which can be grouped
into several classes: reduced or increased scl expression, ectopic scl
expression, or mutants affecting the ventral mesoderm patterning
which will ultimately give rise to the hemangioblast. The mutant
HV001 shows reduced scl staining at the 5-somite stage when
blood and endothelial precursors are still intermingled. At the
s of reproduction in any form reserved.
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278 Developmental Biology Volume 235, 200118-somite stage the endothelial-specific expression pattern of scl is
absent, suggesting that this mutation specifically affects the endo-
thelial development of the hemangioblast. Surprisingly, we have
not been able to isolate mutants that lack scl expression com-
pletely. Additionally, we screened 3452 genome equivalents for
mutations with aberrant blood morphology at day 4 of embryonic
development, followed by benzidine staining for hemoglobin, and
identified 220 potential mutants. The majority of these are blood-
less, and some have reduced amounts of erythrocytes or lack of
hemoglobin production. Complementation analysis by mapping
and single-pair matings will put the mutants in context to each
other and to previously isolated mutants. The analysis of the
hematopoietic mutants will ultimately define a genetic pathway
leading to the specification of the hematopoietic lineage in ze-
brafish.
488. The FGFR Pathway Is Required for the Trunk-Inducing
Functions of Spemann’s Organizer. T. M. Smith and M. D.
Sheets. Department of Biomolecular Chemistry, University
of Wisconsin, Madison, Wisconsin 53706.
In Xenopus, the inducing activities of the organizer are separated
nto two distinct suborganizers: a trunk organizer, which controls
osterior development including somitic muscle, and a head orga-
izer, which controls anterior development. Posterior development
s also regulated by the fibroblast growth factor receptor (FGFR)
ignaling pathway. Despite the fact that both the trunk organizer
nd the FGFR pathway regulate similar developmental events, the
elationship between these regulatory processes is not understood.
e observe that inhibition of the FGFR pathway specifically
ithin the organizer cells causes severe defects in the formation of
omitic muscle and the trunk/tail structures of Xenopus embryos.
Since the organizer functions by producing inducing signals our
findings indicate that the FGFR pathway regulates the nonautono-
mous functions of the organizer that control posterior develop-
ment. In striking contrast, the FGFR pathway is not required for
the function of the head organizer. Significantly, the FGFR path-
way is required for the expression of chordin, a protein previously
shown to be necessary for the organizer’s trunk inducing functions.
We propose that the FGFR pathway is a defining molecular
component of the trunk organizer that distinguishes the trunk
organizer from the head organizer. The broader implications of our
findings for the role of the FGFR pathway in the function of the
organizer and other signaling centers that control vertebrate devel-
opment will be discussed.
489. The Competence to Establish Spemann’s Organizer Is Ac-
tively Restricted in Space and Time. V. Levy, K. Marom, S.
Zins, N. Koutsia, R. Yelin, and A. Fainsod. Hebrew
University–Hadassah Medical School, Jerusalem, Israel.
Formation of the organizer was studied using inducible versions
f axis-inducing proteins; siamois, a target of b-catenin, an orga-
izer inducer; gsc. an axis-inducing, organizer-specific gene;
mad6. an inhibitory Smad specific for the BMP signaling path-
ay; and VP16/Xvex1, the antimorph of Xvex-1, an early expressed
entral homeobox gene. These proteins were made inducible by
using them to the hormone binding domain of the glucocorticoid
eceptor (GR). The GR versions of these proteins were injected
entrally and activated by dexamethasone addition at different
tages of development from MBT onward. All four constructs were
apable of inducing secondary axes only when activated between
BT and the onset of gastrulation. These results show that the r
Copyright © 2001 by Academic Press. All rightemporal competence to induce the organizer is limited in time and
an only take place prior to gastrulation. The same temporal
indow was observed irrespective of the mode of secondary axis
nduction employed. The genes playing a role on the temporal
estriction of organizer formation are unknown. In a candidate
creen for genes controlling this temporal window, the Xcad-2
omeobox gene was identified as playing a major role. With the aid
f antisense and antimorph approaches, Xcad-2 was shown to
odify the competence of the marginal zone to respond to orga-
izer inducing signals with the onset of gastrulation. The Xvex-1
ntimorph has an axis-inducing activity, and the organizer genes
sc and Otx-2 have been identified as direct targets of Xvex-1.
hese observations and the pattern of expression suggest that
vex-1 functions prior to gastrulation as a repressor of organizer
ormation. The results suggest a model where the early ventral
enes establish an inhibitory threshold for organizer formation. In
ummary, two negative regulatory mechanisms were identified
hich restrict the formation of Spemann’s organizer spatially and
emporally.
90. Dorsal Inductive Competence and the Wnt Pathway. R. S.
Darken, A. M. Zappia, and P. A. Wilson. Cornell University
Medical College, New York, New York 10021.
The modulation of inductive competence is a major theme in
mbryonic development, but in most cases the underlying mecha-
isms are not well understood. In principle, the capacity of extra-
ellular signals to elicit particular responses could be regulated by
hanges in cell surface receptors, in intracellular signaling path-
ays, or in the responsiveness of individual target gene promoters.
s an example of regulated competence, we have examined dorsal
xis induction in Xenopus embryos by Wnt signaling. Competence
f Wnt proteins such as Xwnt-8 to induce an ectopic axis or the
orsal early response genes siamois and Xnr3 is lost by the onset of
astrulation, when these same ligands now produce a distinct set of
late” effects, including anterior truncation and induction of the
idbrain/hindbrain marker engrailed-2. Although other Wnts ap-
arently make use of alternative signaling mechanisms, we dem-
nstrate that late-expressed Xwnt-8 continues to employ the ca-
onical Wnt signaling pathway used earlier in dorsal axis
nduction, increasing cytosolic b-catenin and activating gene ex-
ression through Tcf/Lef transcription factors. Moreover, an acti-
ated, hormone-inducible version of XTcf-3 (TVGR) that can
eproduce both early and late Wnt responses when activated at
ppropriate stages becomes unable to induce siamois and secondary
xes at the same time as Wnt ligands themselves. Finally we show
hat TVGR also loses the ability to induce expression of a reporter
onstruct containing a small, 0.3-kb fragment of the siamois
romoter, implying that this fragment contains sequences govern-
ng the loss of Wnt responsiveness before gastrulation. Together
hese results argue that the competence of Wnts to induce a dorsal
xis is lost in the nucleus, as a result of changes in the responsive-
ess of target promoters, and that this loss of competence can be
tudied using a 300-bp promoter fragment.
91. Regulation of BMP Signaling by Chordin, Xolloid, and
Twisted Gastrulation. M. Oelgeschla¨ger, J. Larraı´n, N. Ket-
pura, B. Reversade, and E. M. De Robertis. HHMI and Depart-
ment of Biological Chemistry, UCLA, Los Angeles, Califor-
nia.
Dorsal–ventral patterning in vertebrate and Drosophila embryos
equires Bone Morphogenetic proteins (BMP/Dpp), a BMP antago-
s of reproduction in any form reserved.
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279SDB Meeting Abstractsnist (Chordin/Short gastrulation), a secreted metalloproteinase
(Xolloid/Tolloid) that cleaves Chd/Sog allowing reactivation of
BMP signaling, and Twisted gastrulation (xTsg). xTsg is expressed
as part of the BMP-4 synexpression group and encodes a secreted
protein that binds BMP and Chordin. Biochemical studies indicate
that xTsg can modulate BMP signaling by three different mecha-
nisms: (1) xTsg forms ternary complexes with Chordin and BMP
and makes full-length Chordin a better BMP antagonist; (2) xTsg
removes BMP from the inactive complexes formed between the
growth factor and the Chordin fragments generated by Xolloid
cleavage—in this aspect of its function, xTsg will potentiate BMP
signaling; and (3) xTsg facilitates the cleavage of Chordin by
Xolloid. In this way, Tsg provides a permissive signal that allows
peak levels of BMP signaling in the embryo.
492. Bicaudal-C Is a Localized Maternal mRNA Involved in
Endoderm Development. O. Wessely, U. Tran, L. Zakin, and
E. M. De Robertis. Department of Biological Chemistry,
HHMI/UCLA, Los Angeles, California 90095.
In Xenopus, zygotic transcription starts 6 h after fertilization at
idblastula transition. Therefore, the first steps in embryonic
evelopment completely rely on the regulation of maternally
nherited proteins and mRNAs. In a screen for maternal mRNAs
hose stability is regulated by the establishment of the dorsoven-
ral axis by cortical rotation, we isolated the Xenopus homologue of
he Drosophila gene Bicaudal-C (xBic-C). It encodes a putative
NA-binding molecule expressed maternally and localized pre-
ominantly to the vegetal half of the egg. xBic-C supports the view
hat translational activation and repression play an important role
n spatial–temporal regulation of gene expression during early
mbryonic development. In overexpression studies in Xenopus
mbryos xBic-C is one of the few molecules that induces the
ormation of endoderm in the absence of mesoderm and this
ctivity is dependent on the the RNA-binding domain of the
rotein. Bicaudal-C is highly conserved between mouse, human,
ebrafish, and Xenopus on the amino acid level. Expression analy-
is of the mouse Bicaudal-C by in situ hybridization reveals both
ovel and conserved expression domains between frog and mouse.
s in Xenopus, mBic-C mRNA is found in the maturing oocyte, the
ode, and the meso- and metanephric kidney. Additionally, at later
tages it is strongly expressed in developing gut endoderm, in areas
f cartilage formation, in pleuroperitoneal membrane derivatives,
n the mesenchyme of the lung, and in the stroma of the ovary.
hese data suggest that Bicaudal-C in addition to its function in the
pecification of the endodermal germ layer might be involved in
he development of other organ system and point toward the
mportance of translational control in tissue differentiation and
omeostasis.
93. Maternal Dapper Is Required for the Specification of Dorsal/
Anterior Structures in Vertebrate Development. J. S. Wax-
man,*,† J. D. Brown,*,† J. B. Webster,* B. N. R. Cheyette,‡
and R. T. Moon.* *HHMI and Department of Pharmacology,
†Molecular and Cellular Biology Program, and ‡Department
of Psychiatry and Behavioral Sciences, University of Wash-
ington School of Medicine, Seattle, Washington 98195.
The Wnt/b-catenin pathway plays multiple roles during verte-
brate development. A critical component of Wnt signaling is
Dishevelled (Dsh), but little is known about potential interacting
proteins. To identify proteins that directly interact with Dsh, we
performed a yeast two-hybrid screen with the PDZ domain of
Copyright © 2001 by Academic Press. All rightDishevelled (Dsh; see abstract for Cheyette et al.). This led to the
identification of the novel Dsh inhibitor Dapper (Dpr). Here, we
present the analysis of Xenopus laevis Dpr (XDpr) expression and
ts developmental role. XDpr transcripts are expressed throughout
evelopment. At the initiation of gastrulation, XDpr is expressed
hroughout the margin, but is concentrated at the dorsal lip. During
eurulation, XDpr is expressed in the dorsal ectoderm, but ex-
luded from the neural plate. To analyze the developmental role of
aternal XDpr, we performed oligonucleotide depletion and
verexpression/host-transfer experiments using Xenopus oocytes.
Depletion of maternal XDpr leads to headless embryos that lack
notochord and gain somitic mesoderm. Conversely, overexpression
of XDpr in oocytes leads to animals with overspecified dorsal/
anterior axial structures. These results phenocopy overactivation
of Wnt/b-catenin signaling and inhibition of Wnt/b-catenin signal-
ing after the midblastula transition, respectively. This implies that
maternal XDpr inhibits Wnt/b-catenin signaling, which is required
after the initiation of zygotic transcription for the specification of
dorsal/anterior axial structures.
494. Syndecan 2 Mediates Early Xenopus Left–Right Development
as a Functionally Asymmetric Coordinator. K. L. Kramer and
H. J. Yost. Huntsman Cancer Institute, University of Utah,
Salt Lake City, Utah 84112.
During Xenopus laevis gastrulation, heart and gut primordia
derive left–right information during migration along the animal cap
ectoderm. Our results indicate that syndecan 2, a transmembrane
heparan sulfate proteoglycan specifically expressed throughout the
animal cap ectoderm, regulates this left–right signaling. Expression
of a cytoplasmically truncated syndecan 2 (DS2) in the animal cap
ectoderm functioned as a dominant negative, randomized organ
situs and altered the expression of left-sided markers nodal, lefty,
and pitx2. Lineage-targeted antisense morpholino injection gives
comparable results to DS2. A group of distinct heparan sulfate
attachment sites in the extracellular domain of syndecan 2 was
required on DS2 to randomize situs. Randomization of situs also
required a functional link between the extracellular and intracel-
lular domains of syndecan 2. These results suggest that DS2 blocks
normal syndecan 2 function by binding an extracellular factor but
blocking its function through the cytoplasmic domain. Two highly
conserved serines in the cytoplasmic domain are essential for this
activity; a full-length syndecan 2 construct with the two cytoplas-
mic serines mutated to alanines randomized situs when specifi-
cally expressed in the right but not left ectoderm. In contrast, situs
was randomized when a full-length syndecan 2 construct with the
two cytoplasmic serines mutated to glutamates (phosphomimetic)
was specifically expressed in the left but not right ectoderm. The
results indicate that the control of left–right signaling by syndecan
2 is dependent on asymmetric phosphorylation of syndecan 2.
495. The Novel Gene Ashwin Functions in Neural Specification
and Axial Patterning in Xenopus. S. S. Patil,* T. B. Alex-
ander,* J. A. Uzman,† and A. K. Sater.* *Department of
Biology and Biochemistry, University of Houston, Houston,
Texas 77204; and †Department of Natural Science, Univer-
sity of Houston–Downtown, Houston, Texas.
The novel gene Ashwin was isolated in a differential-display
RT-PCR screen for genes expressed early in neural specification.
Sequence comparisons indicate that Ashwin is likely to encode a
nuclear protein. Maternal transcripts are present throughout the
early embryo, and Ashwin is upregulated in the midgastrula neural
s of reproduction in any form reserved.
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280 Developmental Biology Volume 235, 2001plate and in ectoderm exposed to FGF or the BMP4 antagonist
noggin. In situ hybridization studies show that Ashwin is ex-
pressed in the anterior neural folds in neurulae and in anterior and
posterior neural ectoderm in tailbud embryos. Expression of Ash-
win alone in isolated ectoderm results in expression of the meso-
dermal marker Xbra and several neural markers, including the
anterior neural genes otx2, opsin, and noggin; the posterior neural
gene HoxB9; and the panneural genes NCAM and N-tubulin.
oexpression of Ashwin and noggin causes a synergistic increase in
he expression of NCAM, n-tubulin, and HoxB9 and elicits expres-
ion of en-2, normally expressed at the midbrain–hindbrain bound-
ry. Although overexpression of Ashwin in whole embryos does
ot produce significant phenotypic defects, coexpression of Ash-
in and noggin leads to formation of a rudimentary secondary axis.
hese findings suggest that Ashwin may act in combination with
athways inhibited by BMP4 to establish pattern in Xenopus
esoderm and neural ectoderm.
96. Pitx Genes Act as Cofactors of otx2 in the Specification of the
Cement Gland. Axel Schweickert, Herbert Steinbeisser,* and
Martin Blum. Forschungszentrum Karlsruhe, Institut of Tox-
ikologie and Genetics, P.O. Box 3640, 76021 Karlsruhe; and
*Max-Planck-Institut, Abteilung V, Spemannstrasse 35,
72076 Tu¨bingen, Germany.
At gastrulation secreted organizer molecules induce neural cell
ates in the neighboring ectodermal cells. The neuroectoderm
ecomes subdivided along the anterior–posterior (a-p) axis. In the
runk regions this process is governed by the hox genes. In the head
hree domains can be distinguished in a-p progression. The fore-
rain is bordered by the anterior neural rigde (ANR) from which—
mong others—the stomodeum/pituitary develop. Sandwiched be-
ween the ANR and the ventral epidermis lies the cement gland,
he anterior-most larval organ, which is induced by the organizer
nd consists of nonneural ectoderm. The positioning of the cement
land depends upon a graded BMP signal and the homeobox gene
tx2. Because otx2 is expressed in the cement gland and the
euroectoderm, region-specific cofactors were postulated which
ould select for specific anterior ectodermal cell fates. The Pitx
enes Pitx1 and Pitx2c qualify for such cofactors. They are neces-
ary and sufficient for cement gland differentiation. We show that
1) Pitx genes are expressed in the cement gland and the ANR
uring patterning and organogenesis and induced by otx2; (2)
isexpression results in ectopic cement gland formation in whole
mbryos and induction of cement gland markers in animal cap
xplants; (3) loss of Pitx represses ectopic cement gland formation
y otx2; and (4) Pitx gene transcription is modulated by a graded
MP signal in animal caps. They are induced at moderate BMP
evels, but not transcribed at low or high BMP concentrations. We
ropose that Pitx genes are part of a network of regionally active
omeobox transcription factors and hypothesize that their specific
ombinatorial action controls the process of anterior ectodermal
atterning in a code-like manner.
97. Characterization of the Xenopus laevis Rx1A Promoter in
Transgenic Frogs. H. M. El-Hodiri, L. Zhang, H. F. Ma, and M.
Jamrich. Baylor College of Medicine, Houston, Texas 77030.
Vertebrate eye development involves a set of reciprocal induc-
ive events between the lens placodal region and the adjacent
egion of the developing forebrain. The retinal homeobox gene (Rx)
lays an essential role in eye development. Rx expression initiates
n the anterior neural plate in a single broad region and then o
Copyright © 2001 by Academic Press. All rightecomes localized to two distinct domains corresponding to the
osition of the developing eye fields. Overexpression of Rx in frog
mbryos results in the overproduction of retinal cells. Mutation of
he Rx gene in mice abolishes all morphological signs and many
olecular markers of eye development. To investigate upstream
egulators of early eye development, we isolated and analyzed the
enopus laevis Rx promoter. A genomic DNA fragment containing
.7 kb of DNA upstream of the longest known Rx cDNA was fused
o the coding sequence of the green fluorescent protein (GFP) and
sed to produce transgenic Xenopus embryos. We found that this
NA fragment was sufficient to drive expression of GFP in the
nterior neural ridge of neurula embryos, the developing eyes of
ailbud embryos, and the neural retina of transgenic tadpoles. Thus,
his fragment contains cis-acting elements necessary to mimic the
xpression of the endogenous Rx gene. Characterization of the
romoter by 59-deletion analysis revealed that the distal portion of
he promoter is necessary for initiation of activity in the anterior
eural ridge while the proximal portion is necessary and sufficient
or activity in the developing retina. The Rx promoter will be a
seful tool for analysis of upstream signals involved in regulating
arly eye development.
98. Analysis of Genes Expressed during Xenopus laevis Hindlimb
Regeneration Using Subtractive Hybridization. Michael
King,* Trent Nguyen,† Anthony Mescher,† Mark Harty,†
Chris Chalfant,‡ Patanjali Sankhavaram,‡ David Stocum,§
Rosamund Smith,‡ and Anton Neff.† *Terre Haute Center for
Medical Education, Terre Haute, Indiana; †Medical Sciences
Program, Indiana University, Bloomington, Indiana; §Depart-
ment of Biology, IUPUI, Indianapolis, Indiana; and ‡Lilly
Research Laboratories, Indianapolis, Indiana.
Subtractive hybridization was used to identify genes that are
xpressed during Xenopus laevis hindlimb regeneration at the
egeneration-competent stage (stage 53) and the regeneration-
ncompetent stage (stage 59). Forward and reverse subtractions
ere done between stage 53 seven-day blastema and stage 53
ontralateral limb, stage 59 seven-day blastema/stump and stage 59
ontralateral limb, and stage 53 seven-day blastema and stage 59
even-day blastema/stump. An initial analysis involved the se-
uencing of 1689 randomly selected clones from the six subtracted
ibraries. Bioinformatic analysis was performed on the generated
equences. They were vector trimmed, assembled and in silico
ubtracted within their respective libraries, and extended using
atched sequences (identity of 50 bases or more) from the public
atabases. BLAST analysis indicated approximately 80% of the
equences represented novel cDNAs. PCR analysis of several
lones from each library (65 total) revealed that approximately 30%
f the selected clones were differentially expressed, as expected
ncluding several that appear to be blastema specific. We have also
tilized cDNA filter array screening in order to identify more
DNAs that exhibit regeneration-specific patterns of expression.
ur initial arrays consisted of gridding 2496 clones from the stage
3 seven-day blastema minus the stage 53 limb library, 2400 clones
rom the stage 53 seven-day blastema minus stage 59 seven-day
lastema/stump library, and 1728 clones from the 59 seven-day
lastema/stump minus 59 limb library. Initial analysis of the
creening of these arrays indicate that approximately 12–25% of
he arrayed cDNAs exhibit regeneration-enhanced/specific detect-
bility above the signal-to-noise ratio. Our goal is to determine
hat specific role(s) these newly identified genes play in tissue/
rgan regeneration.
s of reproduction in any form reserved.
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281SDB Meeting Abstracts499. cGMP Enhances the Shh Response in Neural Plate Cells.
Christie P. Robertson, Sarah M. Gibbs, and Henk Roelink.
University of Washington, Seattle, Washington 98195.
Sonic hedgehog (Shh), secreted from the notochord and floor
late, is required for the induction of a variety of cell types in the
arly neural tube. There is evidence that Shh acts as a morphogen,
ut its wide-ranging effects are not accomplished by Shh alone, but
ather by Shh in combination with other signaling factors. One
ntagonistic force on Shh signaling, PKA, is active in the presence
f cAMP. In certain biological situations, another cyclic nucleo-
ide, cGMP can result in effects that are opposite those of cAMP.
e tested whether cGMP can affect Shh signaling using chick
eural plate explants, which are induced by Shh to produce
roteins characteristic of motor neurons and floor plate cells. In the
resence of stabilized, soluble cGMP analogs, more motor neuron
nd floor plate cells were induced than in the presence of Shh alone.
ore motor neurons and floor plate cells were also produced when
eural plate explants were exposed to chick natriuretic peptide
chNP), a ligand that stimulates membrane-bound guanylate cy-
lase (GC) to produce cGMP. ChNP and cGMP did not induce
entral cell types in the absence of Shh. cGMP also had no effect on
he induction of a Slug-expressing neural crest cells by the BMP
amily member Dorsalin. Another protein that produces cGMP,
oluble GC, is stimulated by nitric oxide (NO). When chick
mbryos were exposed to an NO donor, cGMP staining was seen in
entral and dorsal neural regions, indicating that these cyclases
ay active at the time and place of DV neural patterning. Taken
ogether, these data indicate that cGMP can enhance the patterning
ffects of Shh and that core components of cGMP signaling are
resent and functional in the embryo at appropriate locations and
imes to influence Shh patterning. cGMP provides an interesting
ddition to the complexity of signals that interact with Shh during
evelopment, bringing us closer to an understanding of how a
iversity of cells arises in an embryo.
00. The Zona Limitans Intrathalamica as a Signaling Center in
Forebrain Development. Michelle Braun and Henk Roelink.
Neurobiology and Behavior Program, University of Washing-
ton, Seattle, Washington 98195.
The nested expression of transcription factors in the prosomeres
f the developing forebrain suggests that transverse subdivisions
re important for anterior–posterior patterning of the future telen-
ephalon and diencephalon. At the zona limitans intrathalamica
zli) in the prospective diencephalon, marking the border between
he future dorsal and ventral thalamus, there is a conspicuous
nterior–posterior restriction of gene expression. At chick HH stage
4, Dlx-1 and Dlx-2 are expressed anterior to the zli, while Gbx-2
s expressed posterior to the zli. Superimposed on this transcription
actor expression pattern, the known morphogens Shh, Wnt-3, and
nt-3a are expressed in a ring that posteriorly abuts the zli. We
ypothesize that this ring of tissue acts as a regional organizer and
hat the Shh, Wnt-3, and Wnt-3a signals emanating from this tissue
re critical for the proposed organizer function. Our results suggest
hat the zli tissue is capable of inducing prosomere-specific gene
xpression in naı¨ve forebrain explants. Moreover, there appears to
e a competency difference between neural tissue taken anterior to
he zli vs posterior to the zli in its ability to respond to zli-derived
ues. Coculture of HH stage 14 posterior zli with naı¨ve stage 8
ephalic neural plate explants from anterior to the zli results in the
pregulation of Dlx-2 expression. Naı¨ve explants taken from pos-
erior to the zli show no Dlx-2 expression after coculture. The U
Copyright © 2001 by Academic Press. All rightddition of CKI7, a pharmacological inhibitor of the transforming
nt pathway, to coculture media can reverse this Dlx-2 expression
attern, causing some posterior cocultured explants to upregulate
lx-2 expression. These results suggest that a Wnt signal is
nvolved in, but not solely responsible for, the induction and/or
aintenance of Dlx-2 expression in the forebrain. In support of a
nt-mediated induction event, soluble Wnt-3a is sufficient to
nduce Gbx-2 expression in naı¨ve posterior forebrain explants in
itro. Furthermore, injection of CKI7 into stage 10 embryos in ovo
esults in a reduction of Gbx-2 expression in p2. Experiments are
ngoing to assess the role of Shh in zli-mediated inductive events.
hrough this series of experiments we hope to elucidate the role of
he zli in the proper patterning of the developing forebrain.
01. In Vivo Electroporation of cDNA into Heart Tissue: Cell Fate
Control by Notch after Linear Heart Tube Stage in the Chick.
J. B. Rutenberg and M. Mercola. Department of Cell Biology,
Harvard Medical School, Boston, Massachusetts 02115.
Notch signaling has previously been shown to function within
the early heart field to segregate cardiomyogenic and nonmyogenic
fate. This activity is mediated through the activity of the CSL
(CBF-1, Su(H), Lag-2) family of transcription factors. Here we show
a dynamic expression pattern of the gene encoding the Notch
ligand, Serrate1, at later stages when regional identity is acquired
within the heart tube. Its expression defines clear boundaries
between ventricular and atrial myocardium and the intervening
atrioventricular canal and anterior outflow tract. To test the
function of Notch signaling directly, we developed techniques for
the introduction of dominantly active and inhibitory versions of
the transcription factor RBP-Jk, the mammalian homolog of CSL,
nto the cultured chick heart tube by electroporation. Electropora-
ion allows fine temporal control of misexppressed genes and
rovides high-efficiency transfection of the heart tissue while
ypassing the limitations of retroviral infection (gene size restric-
ions, delayed replication, etc). Inhibition or activation of the
otch pathway caused local alterations of endogenous, regional
enetic markers, demonstrating that Notch continues to control
ardiac cell fate after the linear heart stage.
02. A Role for Carboxypeptidase Z in Somite Differentiation.
Carsten Moeller,* Eric C. Swindell,*,† and Gregor Eichele.*,†
*Max Planck Institute for Experimental Endocrinology,
30625 Hannover, Germany; and †Department of Biochemis-
try, Baylor College of Medicine, Houston, Texas 77030.
Carboxypeptidase Z (CPZ) is a recently described member of the
CPE subgroup of carboxypeptidases. Unlike other CPE family
members, CPZ contains an N-terminal cystein-rich domain (CRD)
which shows 25–32% homology to CRDs found in other proteins,
e.g., Frizzled or Smoothened. The CRD in proteins like Frizzled and
Frizzled-related proteins acts as a ligand binding domain for WNT
signaling molecules. In vitro experiments CPZ have shown to be
ecreted into the extracellular matrix and to be active at a neutral
H resembling conditions in the extracellular space. We isolated
he chicken homolog of CPZ (cCPZ). The overall amino acid
equence homology to the described human and rat CPZ is 64%,
ith higher homology in the carboxypeptidase domain. cCPZ is
xpressed in the avian embryo starting from HH stage 7 in the
entromedial part of the newly formed somites. As the somite
ifferentiates into two compartments, the sclerotome and der-
amyotome, cCPZ expression is restricted to the sclerotome.
sing surgery experiments we show that unlike other sclerotomal-
s of reproduction in any form reserved.
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282 Developmental Biology Volume 235, 2001expressed genes, e.g., Pax-1, cCPZ expression is not dependent on
induction by axial structures. Using the RCAS retrovirus system
we also show that CPZ influences the dorsoventral patterning of
the differentiating somites and this influence is dependent on the
carboxypeptidase activity of cCPZ.
503. FGF Signaling Regulates Expression of Tbx2, Erm, Pea3, and
Pax3 during Chick Craniofacial Development. Nicole Firn-
berg and Annette Neubu¨ser. Institute of Molecular Pathology,
Dr. Bohr-Gasse 7, A-1030 Vienna, Austria.
During embryogenesis development of adjacent tissues is often
coordinated through inductive tissue interactions. Many of the
signals that mediate these interactions belong to a small number of
families of signaling molecules, including the fibroblast growth
factor (FGF) family. Recent gene targeting experiments in the
mouse have demonstrated that Fgf8, which is expressed in facial
ectoderm, is required for the normal development of the facial
skeleton, a derivative of the facial mesenchyme. As a first step
toward understanding how FGF8 influences development of the
facial mesenchyme we have used a candidate approach and an in
vitro explant culture system to identify genes that are induced in
facial mesenchyme in response to FGF signaling. We show that
expression of the transcription factors Tbx2, Erm, Pea3, and Pax3,
but not Pax7, requires ectodermal signaling at stages 18–19 of
chick development but is maintained in isolated facial mesen-
chyme at stage 24. Using polymeric beads soaked in recombinant
FGF8 protein we demonstrate that FGF8 is sufficient to substitute
for the ectoderm to induce expression, and using a FGF receptor
inhibitor (Su5402), that FGFR signaling is required for expression of
these genes in the presence of the ectoderm. A comparison of the
response to FGF8 at different stages of development revealed that
mesenchymal competence to respond to FGF8 is initially wide-
spread and uniform but becomes restricted to regions normally
exposed to FGF8 at later stages of development.
504. Effect of the Cleft Primary Palate Mutation on Chick Cranio-
facial Development. M. E. MacDonald and J. M. Richman.
Department of Oral Health Sciences, Faculty of Dentistry,
University of British Columbia, Vancouver, British Colum-
bia, Canada, V6T 1Z3.
Craniofacial development occurs through the outgrowth and
fusion of neural-crest-derived prominences. Failure of the promi-
nences to grow together properly can result in a number of facial
deformities, of which cleft palate is the most common. Animal
models have been used to investigate this problem, but many have
severe defects which are complicated to study. A mutation known
as cleft primary palate (cpp) has been discovered in the chicken
hat causes complete failure of primary palate formation and
onsequent bilateral cleft lip with a truncated upper beak. A series
f grafting and tissue recombination experiments shows that the
utation affects the frontonasal mass (25 of 25). All other promi-
ences in the embryonic face grow normally in a chick limb graft
ystem (15 of 15). The growth of mutant frontonasal mass mesen-
hyme is restored by recombination with wild-type epithelium (30
f 41), implying that the mutation primarily affects the frontonasal
ass epithelium. In situ hybridization shows that the mutant
henotype correlates with alterations in the expression of AP-2,
Fgf-8, and Msx-1, known face patterning genes. These results
indicate that the cpp mutation is associated with a defect in
epithelial–mesenchymal molecular signaling in the chick fronto-
Copyright © 2001 by Academic Press. All rightnasal mass, leading to a failure of this prominence to grow along a
proximodistal axis and subsequent cleft palate.
505. Patterning of Craniofacial Skeleton by Endogenous Retinoids.
J. N. Hui, V. M. Diewert, and J. M. Richman. University of
British Columbia, Vancouver, British Columbia, Canada, V6T
1Z3.
Retinoids have been shown to influence skeletal cell migration,
proliferation, and differentiation, but their role in skeletal devel-
opment is still unclear. Previous studies in chick embryos have
shown that the frontonasal region is selectively affected by exog-
enous retinoic acid at stage 20. Our data showed that a lower dose
of retinoic acid at stage 20 induced truncation of the upper beak
(0.75 mg/ml, 8/10), whereas the same dose at stages 16 to 18 or at
stages 22 to 23 caused a milder phenotype (20/24). We therefore
investigated the role of endogenous retinoids by implanting beads
soaked in retinoic acid receptor (RAR) antagonist, AGN 193109
(Allergan), in the chick nasal pit at stage 20. Analysis of treated
embryos at stage 24 revealed abnormal development of the nasal
conchae. Stage 36 antagonist-treated embryos exhibited a normal
external phenotype, but examination of the skeletal structures
revealed abnormal development of membranous bones and ectopic
cartilage (10/10). To quantify the effectiveness of the RAR antago-
nist in inhibiting endogenous retinoid signaling in vivo, we applied
beads soaked in AGN 193109 simultaneously with beads soaked in
retinoic acid in the nasal pit of stage 19 to 20 chick embryos. The
dual treated embryos showed a significantly milder external phen-
toype (23/25) than the embryos treated with retinoic acid alone.
Taken together, we demonstrated not only the effectiveness of the
RAR antagonist in inhibiting retinoid signaling in vivo, but also the
important role of endogenous retinoids in patterning skeletal
development in the chick embryo.
506. Mechanism of Epidermal Growth Factor Action in Avian Skin
Development. R. P. Atit and L. A. Niswander. Sloan-Kettering
Institute.
The developing avian feather bud is an established model that
facilitates the study of two major processes in development, cell
fate determination, and pattern formation. The feather tract is a
sequentially generated and reiterated pattern. The buds form in a
hexagonal array and each bud is separated from its neighbors by an
interbud region of smooth skin. Morphogenesis of the feather bud
is a coordinated subdivision of the epidermis and dermis into bud
versus interbud fates. Perturbations in cell fate decisions or cellular
processes such as proliferation, migration, and cell–cell communi-
cation result in obvious changes to the pattern. Experiments in the
1960s found that epidermal growth factor (EGF) stimulates epithe-
lial cell proliferation and perturbs bud development in explants of
avian embryonic skin. We have confirmed and extended these
results to determine the mechanism of action. In the presence of
EGF, the entire epidermis proliferates rapidly and there is a loss of
feather bud formation. Any existing feather bud primordia also
disappear after 2 days in culture. The inhibition of feather buds also
correlate with the loss of feather markers. EGF is expressed in the
interbud regions of embryonic skin. Exposure to excess EGF may
lead to conversion of the bud to the interbud fate. Alternatively,
EGF may prevent bud formation by enhancing epidermal cell
proliferation and diminishing mesenchymal proliferation or by
disrupting the communication between these tissues. Current
studies will differentiate between these possibilites and elucidate
the mechanism of EGF action in feather bud development.
s of reproduction in any form reserved.
wa
1
i
c
C
d
283SDB Meeting Abstracts507. BMP4 Signaling in Early Mouse Development. Qiyong Hu,
Naoto Ueno, and Richard R. Behringer. Department of Mo-
lecular Genetics, University of Texas M. D. Anderson Cancer
Center, 1515 Holcombe Boulevard, Houston, Texas 77030.
Bone morphogenetic protein 4 (BMP4) is an extracellular signal-
ing molecule belonging to the transforming growth factor b
(TGF-b) superfamily that is evolutionally conserved and involved
in numerous developmental processes in a variety of organisms.
The primary objective of this study aims to analyze BMP4 signaling
in both pattern formation during early mouse embryonic develop-
ment and cellular differentiation in later development. A conserved
motif that contains basic amino acids is present at the N-terminus
of a subset of TGF-b superfamily members including BMP2, BMP4,
and Nodal. Studies in Xenopus have shown that, if this motif is
mutated, BMP4 could activate the BMP signaling pathway in more
distantly located cells in comparison to wild-type BMP4, suggest-
ing that the mutant protein may be able to diffuse further than wild
type. This provides a novel tool for studying the activity of BMP4
as a morphogen. To compare the activities of mutant BMP4
(mBMP4) and wild-type BMP4, we have performed a gain-of-
function study using a UAS–GAL4 bigenic transgenic mouse
system to precisely control the expression of mBMP4 and wild-type
BMP4. The expression of the GAL4 transactivator will be driven by
tissue specific promoters, including a roof-plate specific Wnt1
promoter, an apical ectodermal ridge specific Msx2 promoter, and
a prostate-specific probasin promoter. These transactivator lines
are being generated by pronuclear injection. We have also generated
UAS–BMP4 and UAS–mBMP4 mouse chimeras by introducing
targeting constructs into the Hprt locus in embryonic stem cells
followed by blastocyst injection. Phenotypic analysis will reveal
the differences between mBMP4 and wild-type BMP4 activities, as
well as how BMP4 signaling directs pattern formation and cell
differentiation in the mouse.
508. Overexpression of nodal in Mouse Embryonic Stem Cells
Results in Upregulation of Endoderm Markers. K. C. Pfendler,
C. S. Catuar, J. J. Meneses, and R. A. Pedersen. University of
California at San Francisco, San Francisco, California 94143.
The TGF-b growth factor, nodal, is a multifunctional protein
involved early in the formation of mesendoderm and later in the
determination of left/right asymmetry in the mouse. Previous
work in zebrafish and Xenopus has demonstrated a role for nodal-
like molecules in the pathway leading to endoderm differentiation.
Here we examine this early role of nodal by studying the overex-
pression of nodal in mouse embryonic stem cells (ES cells). The
mouse nodal gene was electroporated into ES cells, and a cell line
as selected that demonstrated an increase in nodal expression
over control cell lines (BHN ES cells). Semiquantitative RT-PCR of
embryoid bodies (EBs) derived from BHN ES cells revealed an
upregulation of endoderm markers, including a-fetoprotein (AFP),
lbumin, hepatocyte nuclear factor 4a (HNF-4a), fetal liver kinase
(FLK-1), and Indian hedgehog (IHH). Injection of BHN ES cells
nto the muscle or testes of SCID mice resulted in teratomas
ontaining abundant endoderm- and mesoderm-derived structures.
urrently, chimeras are being produced from BHN ES cells to
etermine the effects of nodal overexpression on gastrulation and
in vivo endoderm differentiation. Taken together, these data sug-
gest that nodal overexpression may enhance the differentiation of
mesendoderm in the developing mouse embryo. Ultimately this
may provide an approach for in vitro enrichment of derivatives of
Copyright © 2001 by Academic Press. All rightthese germ layers. (Supported by NIH Grants HD26732, ES08750
(R.A.P.), and T32HD07263 (K.C.P.).)
509. Foxd3 in Patterning the Early Mouse Embryo. L. A. Hanna, D.
Zhou, R. Foreman, M. Dottori,* M. Goulding,* D. S. Kessler,
and P. A. Labosky. Department of Cell and Developmental
Biology, University of Pennsylvania, Philadelphia, Pennsylva-
nia 19104-6058; and *Molecular Neurobiology Laboratory,
The Salk Institute, 10010 North Torrey Pines Road, La Jolla,
California 92037.
The winged helix gene Foxd3 is a transcriptional repressor
expressed in the embryonic portion of the early mouse embryo
prior to gastrulation. This gene was originally cloned and named
“Genesis” based on its expression in embryonic stem cells and
their malignant equivalents. Foxd3 is also expressed in neural crest
cells as early as they are detected. Misexpression of FoxD3 in the
chick neural tube increases the expression of the neural crest cell
marker HNK-1, suggesting that Foxd3 may be involved in the
specification of this cell population. Mouse embryos homozygous
for a deletion of the Foxd3 locus die around the time of gastrulation
with a severe reduction of epiblast cells and no evidence of
mesodermal differentiation although extraembryonic ectoderm
and endodermal markers are detected. Chimera analysis has re-
vealed that Foxd3 is required in the epiblast of the early gastrula
and teratocarcinomas generated from Foxd3 mutant embryos are
small with no evidence of differentiated tissues. Consistent with
this observation, analysis of Foxd3 in Xenopus reveals a role for this
gene in mesodermal determination. Together, the chick and mouse
data point to a role for Foxd3 in establishing and/or maintaining the
pluripotency of both neural crest stem cells and stem cells in the
epiblast of the early gastrula.
510. The Mouse Organizer and Its Secreted Factors Chordin and
Noggin Are Unnecessary for Anterior–Posterior Axis Forma-
tion but Are Required for Head Development. J. Klingen-
smith, R. Stottmann, A. Nordgren, and R. Anderson. Depart-
ment of Cell Biology, Duke University Medical Center,
Durham, North Carolina 27710.
The gastrula organizer is presumed to induce neural tissue from
naı¨ve ectoderm and to confer anterior to posterior (AP) pattern
within it. Secreted factors putatively mediating organizer function
have been isolated, including the BMP antagonists Chordin and
Noggin; these proteins mimic many of the organizer’s activities.
We have been using mouse genetics to study the roles of the
mammalian organizer, the node, as well as the functions of
organizer factors. We find that the node is not required for neural
induction or AP axis formation; however, the node does have a role
in development of the rostral head. Each of the single mutants null
for either chordin or noggin also have AP axes and head defects,
with unique and specific defects in craniofacial development. Pups
lacking chordin and heterozygous for noggin display a range of
holoprosencephaly (HPE) defects strikingly similar to human HPE
sequence. Embryos homozygous for both chordin and noggin null
alleles undergo neural induction and AP axis formation, but exhibit
anterior truncations. Ongoing analyses of all these phenotypes
have revealed that the BMP antagonist organizer factors play
multiple roles in head development. First, they promote anterior
development generally by maintaining the anterior visceral
endoderm, a possible “head organizer” signaling center in the early
embryo. Later, they facilitate prechordal plate function in midline
s of reproduction in any form reserved.
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the development of specific structures in the craniofacial skeleton.
511. Abstract #511 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
512. Characterization of a Novel Mouse Gene, cordon-bleu, Ex-
pressed in Embryonic Axial and Organizing Structures. E. A.
Carroll, S. Gasca,* and J. Klingensmith. Department of Cell
Biology, Duke University Medical Center, Durham, North
Carolina 27710; and *Universita¨t Freiburg, Freiburg, Ger-
many.
Cordon-bleu (Cobl) is a novel mouse gene discovered in a gene
rap screen for genes potentially important for early development.
t is first expressed in the node, the embryonic organizer in the
ouse, and then in the notochord and floorplate of the neural tube,
hich also confer patterning to surrounding tissue. Its early expres-
ion is very similar to that of Sonic hedgehog (Shh) and hepatic
uclear factor 3b (HNF3b), both critical for axial patterning. We
have further characterized Cobl expression at later stages: Cobl
xpression becomes widespread and complex, including dynamic
omains in the neural tube, as well as regions of the brain, lung,
ertebrae, and gut. However, despite the striking expression pat-
ern of Cobl, mice homozygous for the LacZ gene-trap insertion
nto the Cobl locus show no apparent phenotype. We have deter-
ined by RT-PCR that such mice continue to produce wild-type
obl transcript, so we are generating a null allele of cordon-bleu to
nvestigate its function, and have targeted the Cobl locus by
omologous recombination in embryonic stem cells. We have
loned the entire coding sequence of Cobl, which has no homology
o any known protein or protein domain, although a highly
onserved human cDNA is expressed in adult human brain. We are
ow investigating the relationship of Cobl expression in the neural
ube to Shh and other known dorsal–ventral patterning signals.
13. Shh Is Required For Cardiac Neural Crest Survival in the
Mouse. E. N. Meyers, I. Smoak, J. Morris, C. Tan, K.
Yamamura,* and M. Sullivan. Duke University Medical Cen-
ter, Durham, North Carolina 27710; and *Kumamoto Univer-
sity School of Medicine, 4-24-1 Kuhonji, Kumamoto, 862-
0976, Japan.
Migratory neural crest cells (NCC) are required for normal
ardiovascular development. Recently Sonic hedgehog (Shh) has
een implicated as a critical signaling molecule for neural crest
urvival. We have therefore examined the cardiovascular develop-
ent of Shh homozygous null (Shh2/2) mouse embryos and have
identified severe patterning defects in the branchial arch arteries
(BAA) as well as the outflow tract and chambers of the heart.
Normally NCC populate and maintain the BAA as well as the
aorticopulmonary septum that divides the single outflow vessel of
the heart into the pulmonic and Aortic arteries. In Shh2/2 mutant
mbryos, the aorticopulmonary septum does not form properly
esulting in a single outflow tract. In addition, the fourth and sixth
AA are markedly reduced or absent. Marker analysis in Shh2/2
embryos demonstrates that NCC are specified and migrate into the
branchial arches but then undergo massive apoptosis resulting in
the failure of outflow tract septation and of BAA maintenance. We
examined the position of NCC relative to the expression of Shh and
he receptor Patched1 (Ptch). Strikingly, the expression patterns of h
Copyright © 2001 by Academic Press. All righthh and Ptch are complimentary to the position of NCC around the
AA and the outflow tract. This suggests that SHH does not signal
irectly to NCC but rather might act to restrict the domains that
CC can populate. The apoptosis of NCC that occurs in Shh2/2
embryos may therefore be secondary to mislocalization of the NCC
or, alternatively, to the spread of other factors into normal NCC
domains in the absence of SHH.
514. Function of the Rx Homeobox Gene Is Essential for the
Formation of Retinal Progenitor Cells in Mice. L. Zhang,*
P. H. Mathers,† and M. Jamrich.* *Baylor College of Medi-
cine, Houston, Texas 77030; and †West Virginia University
School of Medicine, Morgantown, West Virginia 26506.
Vertebrate eye development requires activities of several tran-
scription factors, such as Otx2, Six3, Six6, and Pax6. These genes
are expressed at the initial stages of eye development and are
molecular markers of early eye formation. During eye develop-
ment, they are activated in the anterior neural plate and later
upregulated in the retinal progenitor cells. We have shown previ-
ously that another homeobox containing gene Rx plays a critical
role in vertebrate eye formation. It is one of the earliest markers of
vertebrate eye development. Its overexpression leads to ectopic eye
tissue formation in Xenopus embryos. Its targeted elimination in
mice results in embryos that do not develop optic vesicles. We
further characterized the Rx null mutant mice. It is shown that Rx
mutants have defects in ventral neuroectoderm from which the
optic vesicle forms. We also found that Rx-deficient embryos failed
to upregulate the expression of Otx2, Six3, Six6, and Pax6 in the
area that would normally form optic vesicle, while they show
normal activation of these genes in the anterior neural plate. These
results indicate strongly that Rx activity is required for the forma-
tion of retinal progenitor cells. In contrast, Rx is expressed in
omozygous Small eye mouse embryos that lack a functional copy
f Pax6. This indicates that neither Rx expression nor the forma-
tion of retinal progenitor cells is dependent on Pax6 in mice.
515. Morphological Characterization of Lung and Kidney Develop-
ment: Reprogramming of Ureter Bud Branching with Lung
Mesenchyme toward Early Lung Type Branching Morphogen-
esis. Y. Lin,* S. Zhang,* J. Tuukkanen,† H. Peltoketo,* T.
Pihlajaniemi,‡ and S. Vainio.* *Biocenter Oulu and Depart-
ment of Biochemistry, P.O. Box 3000, †Department of Anat-
omy and Cell Biology, and ‡Collagen Research Unit, Depart-
ment of Medical Biochemistry, University of Oulu, FIN-
90014 Oulu, Finland.
According to our recent data type XVIII collagen expression is
involved in a patterning of the ureter bud from kidney type toward
early lung type in the heterotypic tissue recombination (Lin et al.,
Development, in press). In this study we provide image analysis
data, demonstrating more in detail the repatterning process of
ureteric bud in connection with lung mesenchyme. The skeleton-
ized images of different stages of early lungs and kidneys show that
the at least 1–3 type lateral branching pattern is typical for lung
type and the 1–2 type dichotomous branching pattern for kidney
type epithelial branching. The first branching angle and the posi-
tion index of the first branch (PIFB) are also characteristics for lung
and kidney type being less than 120° and 2.70 6 0.84 (n 5 54) for
lung- and 140–160° and 1.62 6 0.24 (n 5 30) for kidney-type
ranching, respectively. The branching patterns of in vivo samples
re seen to be similar in cultured explants in vitro. Also in
omotypic tissue recombinations between ureteric bud and kidney
s of reproduction in any form reserved.
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phogenesis. Instead, in heterotypic tissue recombination of ureter
bud and lung mesenchyme branching of ureter bud changes toward
that of the early lung type. Furthermore the ureter bud follows
mostly 1–3 lateral branching and its PIFB value shifts closer to one
typical for lung-type branching (P , 0.001). Altogether, we have
developed a computer-based image analysis approach to investigate
the branching morphogenesis using the heterotypic tissue recom-
bination of ureter bud and lung mesenchyme as a model.
516. Characterization of Regulatory Elements Responsible for
Hoxa5 Regional Expression. L. Jeannotte,* J. Lapointe,* S.
Tabaries,* T. Besch,† and C. K. Tuggle.† *Centre de Recher-
che en Cance´rologie de l’Universite´ Laval, CHUQ, L’Hoˆtel-
Dieu de Que´bec, Que´bec, Canada, G1R 2J6; and †Department
of Molecular Genetics, Iowa State University, Ames, Iowa
50011.
Genetic analyses have unveiled the crucial role of Hoxa5 in axial
specification and during the development of the respiratory and
digestive systems. Hoxa5 gene function is intimately linked to its
correct developmental expression. Using transgenic mice, we have
pursued our quest for the regulatory elements involved in the
control of the specific spatiotemporal Hoxa5 developmental ex-
pression. We have identified a 2.1-kb mesodermal enhancer se-
quence, Mes, located in 39 of the Hoxa5 coding sequences. The Mes
region targets transgene expression in mesodermal derivatives of
the cervical region. Deletion analyses have revealed that the Mes
region contains a 169-bp DNA element essential for the establish-
ment of the posterior boundary at the level of prevertebra 10, which
is in agreement with the normal posterior limit of expression of the
major Hoxa5 transcript. Moreover, we have demonstrated that the
cdx gene products, which are known candidates to set up the
correct expression domains of Hox genes, are able to interact with
the 169-bp DNA element via caudal consensus binding sites.
(Supported by the FRSQ and the MRC of Canada.)
517. Footless, a New Mutant with Asymmetric Limb Malforma-
tions. S. M. Bell, C. M. Schreiner, K. P. Anderson, and W. J.
Scott. Division of Developmental Biology, Children’s Hospi-
tal Medical Center, Cincinnati, Ohio 45229.
A transgene insertional mutagenesis screen resulted in the
identification of a new mouse line denoted footless (ftl) character-
ized by its unique anterior/posterior asymmetry of malformations
in the hindlimbs and forelimbs. Homozygous ftl progeny exhibit
cleft palate, preferential loss of posterior skeletal elements in the
left hindlimb, the loss of anterior skeletal elements in the right
forelimb, and the complete absence of nails. The left hindlimb
autopod is consistently absent, usually accompanied by loss of the
fibula. The right hindlimb can be as severely affected as the left, but
more often has a few digits present. The mutant right forelimb
exhibits loss of digits 1 and 2 and sometimes the radius. Molecular
marker analysis of day 10–12 mutant limb buds revealed that both
the hindlimb and the forelimb bud possess normal anterior/
posterior polarity as indicated by normally initiated expression of
the posterior markers dhand and shh. With continued outgrowth,
the shh expression domain in the developing hindlimb buds is
prematurely downregulated. An examination of apical ectodermal
ridge (AER) markers including fgf8, fgf4, en1, and bmp7 indicates
that the AER fails to develop normally along the anterior margin of
the right forelimb and the posterior margin of the hindlimbs. The
dorsal mesoderm marker lmx1b is initially restricted to the dorsal
Copyright © 2001 by Academic Press. All rightmesoderm in the stage 2 limb bud but appears to extend slightly
ventrally in regions lacking an AER at later stages. We have
successfully identified one end of the transgene integration site and
are in the process of characterizing the adjoining region of genomic
DNA.
518. HoxD Genes Regulate Muscle and Tendon Patterning in the
Limb. P. R. Ashby. Wellcome Trust Biocentre, University of
Dundee, Dow Street, Dundee, DD1 5EH, Scotland.
The basic pattern of the limb bones has remained constant in
pentadactyl limbs from amphibians to mammals. Over this period
however the muscle and tendon pattern has been greatly elabo-
rated. This indicates that mechanisms for patterning soft tissues in
the limb can work independently of those patterning the bones.
Cells determined to form skeletal muscle migrate into the limb
buds from the somites and proliferate to form premuscle masses.
Coincident with muscle differentiation, the premuscle masses
begin to split up into muscles and unsplit groups of muscles. In the
mouse after three rounds of splitting all the limb muscles are
formed. Little is known about the mechanism of this splitting. I
examined the muscular anatomy of limbs of adult mice carrying
deletions in the 59 members of the HoxD complex. In Del3/Del3
mice lacking HoxD11, D12, and D13 (J. Zakany and D. Duboule,
1996, Nature 384, 69–71), peroneus brevis muscle (PB) in the
hindlimb splits to form up to three muscles. In D11/Del3 mice
lacking HoxD11 but heterozygous for HoxD12 and D13, PB is also
split. In the forelimbs of D11/Del3 mice extensor carpi ulnaris
splits to form up to three muscles. This is not seen in Del3/Del3
mice. I have examined the expression of 59 HoxD genes during the
splitting of premuscle masses and tendon formation in normal and
knockout mice. The zeugopodal muscle patterning changes seen in
these mice appear to be independent of changes in limb patterning
seen in the autopod. This provides a possible mechanism for
muscle pattern to vary within a relatively unchanging limb.
519. Activation of FGFr3 Regulates Development of Pillar Cells in
the Mammalian Cochlea. K. Mueller and M. W. Kelley.
NIDCD/NIH, Rockville, Maryland 20850.
The sensory epithelium of the mammalian cochlea represents
one of the most highly ordered cellular patterns in any vertebrate
system. One aspect of this pattern is the presence of two rows of
pillar cells in the region between the single row of inner hair cells
and three rows of outer hair cells. The factors that play a role in the
development of pillar cells have not been determined; however,
previous results suggest that fibroblast growth factor receptor 3
(FGFr3) plays a key role. To examine the specific effects of FGFr3
during pillar cell development, cochlear explant cultures were
established from E13 mice. FGFr3 activity was inhibited by adding
an FGFr antagonist, SU-5402, to the culture medium at specific
developmental time points. Cultures were fixed after 6 days and
pillar cells were labeled with anti-p75lntr. Results indicate that
addition of SU-5402 beginning between E13 and E15 results in a
nearly complete loss of p75lntr expression. However, morphologi-
cal analysis of cultures exposed to SU-5402 beginning on E15
indicates that p75lntr-negative pillar cells are present, but that the
differentiation of these cells has been arrested. These results
suggest that FGFr3 is required for pillar cell differentiation but not
for specification of pillar cell fate. This hypothesis is supported by
the observation that there are no changes in the number of other
cell types within the sensory epithelia. Finally, analysis of cross-
sections from SU-5402-treated cultures indicates the presence of
s of reproduction in any form reserved.
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286 Developmental Biology Volume 235, 2001progenitor cells in a position consistent with the location of
developing pillar cells. These results suggest that activation of
FGFr3 is required for the differentiation of pillar cells.
520. Inhibition of Protein Kinase C Induces Supernumerary Inner
Hair Cells in the Developing Mammalian Cochlea. Alain
Dabdoub, Maura J. Donohue, and Matthew W. Kelley. Section
on Developmental Neuroscience, National Institute on Deaf-
ness and Other Communication Disorders/NIH, 5 Research
Court, Rockville, Maryland 20850.
The sensory epithelium of the mammalian cochlea, the organ of
orti, represents one of the most highly ordered patterns of cells in
ny vertebrate system. A single row of inner hair cells and three or
our rows of outer hair cells extend along the basal-to-apical axis of
he cochlea. The factors that play a role in the development of
ndividual cell types or that regulate the formation of this strict
attern remain largely unknown. Protein kinase C (PKC) consists
f a family of ubiquitous phospholipid-dependent serine/threonine
inases, which phosphorylate a variety of target proteins thus
laying crucial roles in cellular signal transduction and growth
egulation. To determine whether PKC plays a role during the
evelopment of the organ of Corti, PKC was either inhibited or
ctivated in embryonic mouse cochleae in vitro. PKC inhibition
significantly increased the number of cells that developed as inner
hair cells and resulted in large regions of supernumerary inner hair
cells of up to eight rows. Furthermore, transient PKC activation
resulted in an increase in interdistances between inner hair cells.
These results suggest that PKC is involved in the normal develop-
ment of the organ of Corti and that cells adjacent to the region of
forming hair cells have a latent potential to develop as inner hair
cells at early stages of cochlear development. The specific mecha-
nisms by which PKC inhibition influences the commitment of a
cell to differentiate as an inner hair cell are unknown.
521. Msx and Dlx in Feather Development. I. Rouzankina, J.
Zikherman, and L. A. Niswander. Weill Graduate School of
Medical Sciences of Cornell University, New York, New York
10021; and Sloan-Kettering Institute, New York, New York
10021.
Homeobox-containing genes Msx and Dlx are involved in devel-
opment of various tissues and organs. The developing feather array
is a convenient system for studying cellular and molecular inter-
actions as well as cell fate determination and pattern formation.
During feather bud development, Msx1, Msx2, and Dlx5 genes are
expressed in the buds. Their expression is regulated by BMP and
altered expression of Msx1,2 causes loss of buds, whereas misex-
pression of Dlx causes bud fusions and loss. Preliminary analysis
suggests that BMP and Msx may affect feather bud formation
through the inhibition of Lef. Dlx genes act through a different
mechanism which is induction of NCAM. At present we are
working on identifying other target molecules and developing a
model of how Msx and Dlx mediate feather morphogenesis.
522. Molecular Genetics of Olfaction in the Malaria Vector Mos-
quito Anopheles gambiae. A. N. Fox, C. E. Merrill, R. J. Pitts,
and L. J. Zwiebel. Department of Biological Sciences and
Program in Developmental Biology, Vanderbilt University,
Nashville, Tennessee.Model systems such as Drosophila melanogaster have played an
ssential role in expanding our understanding of biological pro- i
Copyright © 2001 by Academic Press. All rightesses such as development and neurobiology. Because of the
normous information acquired as result of these efforts, we are
ow well placed to undertake similar approaches toward the study
f nonmodel organisms that have significant impact on worldwide
ublic health through their ability to act as agricultural pests as
ell as the vectors for many human and animal diseases. This
ymposium highlights only a small subset of these studies and is
ntended to heighten awareness of the importance of studying
onmodel systems as well as the potential for significant progress
oward novel approaches in this area. The ability to sense and
iscriminate a large collection of chemical and visual cues is
entral for several behaviors of insects that act agricultural pests or
ectors for the pathogens responsible for many important human
iseases. In particular, olfaction plays a major role in host seeking
nd selection behaviors of blood feeding female mosquitoes and, as
uch, constitutes a critical component of the mosquito’s ability to
ransmit diseases such as malaria and dengue. Inasmuch as an
ncreased understanding of these chemosensory mechanisms may
e useful in the development of novel control strategies a molecu-
ar and developmental characterization of olfaction within mosqui-
oes of the Anopheles gambiae species complex has been under-
aken. This group of mosquitoes includes nonvector species as well
s the principal Afrotropical malaria vector species A. gambiae
hose strong preference for human hosts (anthropophily) is largely
esponsible for its high vectorial capacity. The long-term objective
f our research is centered on an examination of the molecular
enetics and developmental biology of olfactory system and its role
n determining anthropophilic host preference in malaria vector
osquitoes. Data will be discussed concerning the characterization
f previously identified representatives of two families of genes
hat make up essential elements of the peripheral olfactory signal
ransduction cascade in A. gambiae. These encode arrestins and
dorant binding proteins (OBPs), which together with their corre-
ponding odorant receptors represent the peripheral components
or signal transduction associated with olfactory chemosensation.
o date, we have examined the localization and developmental
xpression of arrestin and several other olfactory genes within the
osquito’s olfactory apparatus. With this information in hand,we
re poised to undertake gene silencing studies to examine whether
lfactory phenotypes can be generated in this system and the
xtent to which such efforts may be utilized for the design of novel
ntimalarial programs.
23. Drosophila as a Model to Study the Biology of Malaria
Transmission. M. Shahabuddin. Laboratory of Parasitic Dis-
eases, National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Bethesda, Maryland 20892.
Malaria remains the most devastating insect-borne parasitic
isease of humans despite decades of effort to control this disease.
his is partly due to the incessant transmission of the Plasmodium
arasite by vector mosquitoes; thus, disruption of the transmission
s a rational control strategy. To design such strategies, it is
ssential that we understand the biology of parasite development in
ector mosquitoes. Malaria transmission to humans depends on
uccessful parasite development in the mosquito. In this complex
rocess, ingested parasites undergo gametogenesis and form zy-
otes, which develop to ookinetes and then to oocysts, in which the
arasite multiplies into numerous sporozoites. These sporozoites
re infectious to humans and transmitted by mosquito bite; how-
ver, only a few mosquito species can transmit malaria and most
ngested parasites fail to develop fully, even in a successful vector.
s of reproduction in any form reserved.
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287SDB Meeting AbstractsThe molecular basis of such refractoriness and parasite attrition is
not known. Our recent demonstration that avian parasite Plasmo-
dium gallinaceum can develop to infectious sporozoites in Dro-
sophila melanogaster (Schneider and Shahabuddin, 2000, Science
288, 2376–2379), together with the availability of the entire Dro-
sophila genome nucleotide sequence (Adam et al., 2000, Science
87, 2185–2195), provide an opportunity to study malaria parasite-
esponsive genes in insect genomes as well as to identify molecules
rucial for malaria transmission. Here we discuss the Drosophila
nsect model for malaria transmission, examine the global response
f the Drosophila genome to the developing parasite, and analyze
he Plasmodium-responsive fruit fly genes.
24. Aggression and Defense in a Trematode–Mollusc Parasitism.
C. J. Bayne, U. K. Hahn, and R. C. Bender. Oregon State
University, Corvallis, Oregon 97331.
The freshwater pulmonate snail, Biomphalaria glabrata, has
everal desirable attributes for a model organism: hermaphrodite
et capable of both self-fertilization and cross-breeding, it repro-
uces prolifically and completes its life cycle in about 8 weeks. The
mbryos develop in transparent egg masses from which juveniles
atch after ca. 10–12 days at 26°C. The 2- to 3-mm hatchlings are
ften susceptible to being infected by miracidia larvae of the
rematode Schistosoma mansoni. Given a simple lettuce diet, the
snails grow to a diameter of ca. 15 mm, and many become resistant
to S. mansoni. Susceptibility and resistance in the host and
infectivity in the parasite are all multigene characters. In vitro
studies of the host–parasite interaction have been aimed at under-
standing both the mechanisms by which resistant hosts kill the
parasite sporocysts and those that permit survival of sporocysts in
other (susceptible yet immunocompetent) snails. The host–
parasite interface is where the hemocyte and tegument plasma
membranes are juxtaposed. Roles for granule-derived or lysosome-
based killing pathways have not been documented. Recently,
oxygen-dependent pathways of killing have been discovered in this
host–parasite system. Experimental analyses using metabolic
blockers and scavenger molecules in in vitro killing assays have
implicated hydrogen peroxide and nitric oxide as actively involved.
Other reactive intermediates of the respiratory burst appear to be
less important. A long-standing enigma, viz. that resistance does
not replace susceptibility even in the presence of the parasite, may
be accounted for by a model that suggests the mechanistic basis for
resistance and susceptibility in this highly coevolved parasitism.
(Supported by NIH Grant AI-16137.)
525. Dissection of a Genetic Pathway Generating Left–Right
Asymmetry in the Mouse. H. Hamada. Osaka University,
Suita, Osaka, Japan.
Breaking symmetry is a fundamental part of body plan. In
organisms such as Drosophila, determinants for future body axes
re already present at the time of fertilization. In other organisms
uch as mammals, there is no such determinant, and body axes
ppear to be determined at later stages. Then, how are morphologi-
al asymmetries generated without determinants in the latter
rganisms? Left–right (L-R) asymmetry provides a simple model
ystem for studying this fascinating problem. The whole process
an be divided into four steps: (1) breaking of L-R symmetry in/near
he organizer, (2) transfer of L-R-biased signals from the organizer
o the lateral plate, (3) L-R asymmetric expression of signaling
olecules such as Nodal and Lefty in the lateral plate, and (4) L-Rsymmetric morphogenesis of visceral organs induced by these s
Copyright © 2001 by Academic Press. All rightignaling molecules. In the past several years, we have studied the
ole and regulation of Lefty and Nodal in the mouse. Here I will
iscuss how signals are transferred during L-R patterning in the
ouse.
26. Mutation of the N-Terminus of Left–Right Dynein (lrd) Re-
sults in Mice with Nonrandom Reversal of Left–Right Asym-
metry. S. Makova, J. McGrath, and M. Brueckner. Yale
University, New Haven, Connecticut 06520.
Movement of monocilia found on ventral node cells of e7.5
ouse embryos is associated with directional flow of perinodal
uid (nodal flow) and generation of handed left–right (LR) asym-
etry. Previously, we identified an axonemal dynein motor, lrd,
equired for node cilia movement: when the first ATPase domain of
rd is mutated, node cilia are paralyzed and LR asymmetry becomes
andom. We have now generated a targeted mutation in the
-terminal region of lrd, called lrdGFPDneo. This mutation fuses
reen flourescent protein (GFP) with lrd immediately following the
rd start codon. RT-PCR analysis of mRNA from lrdGFPDneo mice
hows lrd mRNA from the start of lrd through the GFP coding
egion that is spliced into the neo-r gene and lrd mRNA extending
rom the second exon to the 39 end of lrd. Western blot analysis of
7.5 lrdGFPDneo embryos shows several truncated lrd proteins.
nlike mice with mutations in the ATPase domain of lrd, lrdGF-
Dneo mice have nonrandom reversal of LR asymmetry. Thirty-
ight of 54 lrdGFPDneo2/2 mice were situs inversus, differing
ignificantly from the expected 50% with a P value of 0.0028. The
verage litter size of lrdGFPDneo mice is five, indicating embry-
nic lethality. The inv2/2 mutation is the only other known
ouse with .50%situs inversus. Inv2/2 mice have normal direc-
ion of node ciliary movement, but slow nodal flow. These obser-
ations raise the possibility that lrdGFPDneo mice may also have
low nodal flow. This could be due to either a hypofunctional
iliary dynein motor or abnormal binding of regulatory dynein light
nd medium chains to the mutant N-terminal region of lrd.
27. Regulation of Mesoderm Induction and Involution in Ze-
brafish. D. Kimelman and K. J. P. Griffin. University of
Washington, Seattle, Washington 98195-7350.
A fundamental aspect of early embryogenesis is the formation of
he hypoblast, the cell layer in which mes-endodermal differentia-
ion subsequently occurs. Despite the importance of hypoblast
ormation, comparatively little is known about the molecular–
enetic control of this extensive morphogenetic rearrangement.
utant analysis in mouse and zebrafish suggests that the Nodal
nd FGF signaling pathways function together with members of the
-box transcription factor family in this process. We have begun to
xamine the genetic interplay between these factors to dissect the
ontrol of mesoderm induction and hypoblast formation. In ze-
rafish, nonnotochord mesoderm progenitors continuously express
hree T-box transcription factors: no tail (which is predominantly
xpressed in epiblast cells but is required only for notochord and
ail development), spadetail (which is predominantly expressed in
ypoblast cells and is required for trunk somite formation), and
bx6 (which is coexpressed with spadetail and thought to be
mportant for tail somite formation). A combination of double-
utant analysis and gene expression patterns supports a two-step
odel in which spadetail and no tail are initially required for the
ormation of mesodermal progenitors, but subsequently spadetail
nd tbx6 promote the formation of hypoblast. We find that Nodal
ignaling has an important role in hypoblast formation, by main-
s of reproduction in any form reserved.
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288 Developmental Biology Volume 235, 2001taining expression of spadetail and tbx6, which is clearly separate
from the role of Nodal signaling in mesoderm induction. Our
studies demonstrate that hypoblast formation is a multistep pro-
cess involving independently acting pathways.
528. Radial Patterning in Arabidopsis: Signaling Inside Out. P. N.
Benfey, K. Nakajima, G. Sena, and A. Paquette. New York
University, New York, New York 10003.
In contrast to animal embryos which are miniature versions of
he adult, if you look at a plant embryo it is nearly impossible to
redict the form or size of the adult plant. This is because plant
mbryos consist primarily of two stem cell populations called
eristems, one that will make the root and the other that makes
he shoot. Determining how the cells in these meristems are able
o control how they divide and how their progeny differentiate to
orm organs is one of the major questions of plant development. We
ave uncovered evidence for a signaling center located in the
nternal tissues of the Arabidopsis root that provides pattern
nformation to the surrounding cell layers. In the root of Arabidop-
is, mutations have been found in which specific meristem cells
ail to divide, or their progeny acquire the wrong identity. Analysis
f mutations in the SCARECROW (SCR) and SHORT-ROOT (SHR)
enes indicates that they are key regulators of radial patterning in
he root. Both genes have been cloned and their expression patterns
re consistent with their role in radial patterning. Analysis of
issue-specific markers indicates that SCR is primarily required for
he asymmetric division that gives cortex and endodermis. The
HORT-ROOT gene is required for the asymmetric cell division
esponsible for formation of ground tissue as well as specification
f endodermis. Both SHR and SCR are members of the GRAS
amily of putative transcription factors. The SHORT-ROOT gene
ppears to act by regulating the amount of RNA that is made by the
CARECROW gene. Surprisingly, the SHORT-ROOT gene is not
xpressed in the same cells as the SCARECROW gene. Instead, a
ovel means of cell–cell signaling appears to be responsible for the
ransfer of radial pattern information. Ectopic expression of SHR
esults in supernumerary cell layers and altered cell specification,
ndicating that SHR is both necessary and sufficient for cell
ivision and cell specification in the root meristem.
29. Axial Patterning in Hydra. Hans Bode, M. A. Shenk, K. Smith,
R. Steele, and T. Takahashi. UC Irvine, Irvine, California
92679.
A Hydra has a simple body plan consisting of a single axis with
adial symmetry. The body regions along the axis are the head,
ody column, and foot. Since the tissue dynamics of an adult Hydra
nvolve the continuous production, displacement, and loss of
issue, the processes governing axial patterning are continuously
ctive to maintain the form of the animal. At a tissue level
atterning of the head is governed by an organizer located in the
ead which sets up a pair of gradients that are maximal in the head
nd extend down the body column. As tissue is displaced from the
ody column into the head, epithelial cells undergo changes from a
tem-cell-like state of the body column to that of a differentiated
tate in the tentacles. This switch involves a number of genes,
ome of which are homologues of genes associated with axial
atterning in bilaterians. Cnox-2, a Dfd/Gsx homologue, nega-
ively regulates head formation. Cnox-3, a labial homologue;
HyAlx, an aristaless homologue; and Hym-301. encoding a peptide.
re involved in the transition from the stem-cell-like state to the
ifferentiated state.
Copyright © 2001 by Academic Press. All right30. The Development and Evolution of Pigmentation Patterns in
Drosophila. S. B. Carroll, A. Kopp, J. True, and P. Wittkopp.
University of Wisconsin, Madison, Wisconsin 53706.
Pigmentation patterns play a large role in the evolution of
articular animal groups. To understand the genetic and develop-
ental basis of phenotypic evolution, we are investigating several
odels of pigmentation evolution among species in the Drosophila
enus. Sexually dimorphic abdominal pigmentation in the Dro-
ophila melanogaster species group appears to have evolved
hrough cis-regulatory changes in the bric-a-brac locus that brought
t under the control of homeotic and sex-determination transcrip-
ion factors.
31. Abstract #531 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
32. Genetic and Molecular Basis of Mammalian Pigmentation
Patterns. Greg Barsh, Sophie Candille, Cathy vanRaamsdonk,
and Yanru Chen-Tsai. HHMI, Stanford University School of
Medicine, Stanford, California 94305.
Genes that control pigment type switching are responsible for
olor patterns in many different mammals including black-and-tan
n mice and dogs, brindling and dominant black in dogs, and tabby
triping in cats. A key signaling molecule in this process is Agouti
rotein, which is secreted by a specialized group of cells at the base
f hair follicles and causes overlying melanocytes to switch from
he synthesis of black/brown eumelanin to red/yellow pheomela-
in. In the wild-type configuration, the Agouti gene is controlled by
two promoters. A hair-cycle-specific promoter drives expression in
early anagen, causing a subapical band of yellow pigment on an
otherwise black background. A second ventral promoter drives
expression throughout the entire hair growth cycle, but only in hair
follicles on the ventral surface of the body, and is responsible for
the yellow or white ventral coloration characteristic of many
different species. Transgenic studies reveal an intronic enhancer
that activates Agouti expression specifically in dermal papillae but
is unregulated spatially or temporally. This enhancer functions
together with an adjacent silencer which has no effect by itself, but
when coinjected or fused to the enhancer, causes a perfect reca-
pitulation of the Agouti banding pattern. A second silencer that lies
100 kb away recapitulates the black-and-tan phenotype when fused
to the dermal papilla enhancer and the Agouti cDNA. Molecular
dissection of the Agouti enhancer–silencer system has identified
signaling systems likely to link hair cycling to pigment type
switching; in addition, previously existing mutations that affect
pigment patterns have been used as an entry point to study the
ventral-specific enhancer.
533. Molecular Mechanisms Controlling Floral Pattern. V. F. Irish.
Department of Molecular, Cellular and Developmental Biol-
ogy, Yale University, New Haven, Connecticut 06520.
Floral forms vary widely across angiosperm species. In higher
eudicot species, floral organs are organized into whorls with a set
number of organs per whorl. While in different species, the size,
shape, and number of floral organs can differ, or particular organ
types can be missing, the floral architecture for any given higher
eudicot species is remarkably consistent. In contrast, floral form is
much more plastic in lower eudicot and basal angiosperm species,
in that floral organs are often arranged in spirals, not whorls, and
s of reproduction in any form reserved.
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289SDB Meeting Abstractsthe number of organs of a particular type can vary from flower to
flower. Several homeotic genes have been characterized in Arabi-
opsis thaliana that play key roles in specifying the floral pattern
n this species. Homologs of these genes have now been identified
n a number of other angiosperm species, and, based on the
imilarities of these genes, it has been hypothesized that the
olecular mechanisms controlling floral development are similar
cross all angiosperms. However, our recent results suggest that
he roles of the floral homeotic genes may have changed during the
ourse of angiosperm evolution. Understanding the extent to
hich the molecular mechanisms specifying floral form are con-
erved is a key step in developing more effective strategies to
anipulate the reproductive capacities of various angiosperm
pecies.
34. From Clones to Morphogens: The Determination of Cell Fate
(Conklin Medal Lecture). J. B. Gurdon. Wellcome CRC Insti-
tute, University of Cambridge, Tennis Court Road, Cam-
bridge CB2 1QR, United Kingdom.
Nuclear transplantation experiments in Amphibia, mostly car-
ied out some decades ago, established that the genome of somatic
ells does not change during cell differentiation and that gene
xpression in a somatic nucleus can be radically reprogrammed by
gg cytoplasm. Cell differentiation therefore depends upon changes
n gene expression, and not in gene content, of somatic cells. In
ertebrate development, the most important mechanism for deter-
ining cell fate is signaling between cells. Most of the signaling
actors known to operate in early vertebrate embryos work in a
oncentration-related fashion. Cells select a type of gene expres-
ion and a pathway of differentiation according to the concentra-
ion of a signaling factor that they receive, exemplifying the
rinciple of a morphogen gradient. Current work is directed toward
nalyzing the mechanisms by which cells perceive a particular
oncentration of a morphogen and the steps by which they trans-
uce this information leading to the expression of a chosen gene.
articular attention will be given to the mechanism by which cells
ake their desired response to morphogen concentration that
hanges with time. Another type of concentration-dependent sig-
aling process is the community effect, the mechanism of which
ill also be discussed.
35. Maintenance and Regeneration of Form and Function in the
Planarian Schmidtea mediterranea. A. Sa´nchez Alvarado,
P. A. Newmark, S. Robb, and Re´jeanne Juste. Department of
Embryology, Carnegie Institution of Washington, Baltimore,
Maryland 21210.
Little is known about the molecular events guiding the sophis-
icated and often plastic biological properties of the members of the
hylum Platyhelminthes. These animals populate a remarkable
ariety of niches, and the combined morphological traits of the
hylum are considered by many to mark significant advances in the
volution of the Metazoa. To facilitate molecular studies in this
hylum, we have begun to develop molecular tools to study
latyhelminth biology. We have chosen to study the free-living
latyhelminth Schmidtea mediterranea, because it is a stable
iploid, and it is found in nature in both sexual and asexual
iotypes. Taking advantage of their remarkable regenerative abili-
ies, we have generated several clonal lines of the sexual and
sexual strains. Such clonal lines minimize naturally occuring
olymorphisms and streamline gene identification and character-
zation. Using asexual clonal line 4, we have characterized close to
Copyright © 2001 by Academic Press. All right,000 nonredundant cDNA clones representing as many genes.
xpression patterns of the cDNAs are being determined by auto-
ated whole-mount in situ hybridizations. By combining this
ealth of genetic information with microarray technology and the
bility to abrogate gene expression in S. mediterranea with double-
tranded RNA, we have begun to establish large-scale gene expres-
ion profiles during various aspects of their life cycle. Here, we
eport on these advances and on our current application of func-
ional genomics to the molecular study of these fascinating ani-
als.
36. Polaris, the Protein Product of the Oak Ridge Polycystic
Kidney Disease Gene Is Required for Ventral Node Cell
Differentiation and Node-to-Notochord Cell-Fate Transition.
Noel S. Murcia. Department of Pediatrics, CWRU, Cleveland,
Ohio 44106.
Further analysis of the Oak Ridge polycystic kidney disease
gene, Tg737, has provided useful insights into the function of
Polaris, the protein product of this gene. Characterization of
Tg737D2–3bgal homozygous mutant embryos (Murcia et al., 2000,
Development 127, 2347–2355) revealed that Polaris is required for
xpression of the central cilium of ventral node cells and left-right
xis determination. Polaris is also required to maintain Shh and
Hnf3b expression in the midline during the node-to-notochord cell
fate transition. Loss of Polaris appears to cause abnormal differen-
tiation or maturation of ventral node cells and trigger a cascade of
abnormal development, whereby abnormal ventral node cells dif-
ferentiate into abnormal notochord cells with functional defects
that appear to block neural tube and somite differentiation. Ge-
netic rescue experiments, utilizing the Tg737Rsq transgene, restore
sufficient Polaris function to Tg737D2–3bgal homozygous mutant
embryos for normal ventral node cell maturation, notochord func-
tion, and left–right axis determination. However, adult rescue
mutants exhibit a mild kidney cystic lesion and an aggressive liver
lesion. These results suggest that expression of only one spliced
form of the Tg737 cDNA under the regulation of a 5.5-kb Tg737
promotor fragment is sufficient for ventral node cell and notochord
development. However, additional spliced forms of the Polaris
protein and/or additional regulatory elements are required to
maintain appropriate Polaris function during kidney and liver
development and/or maintenance of these adult structures.
537. Self-Renewal and Differentiation of Pluripotent Embryonic
Stem Cells. A. G. Smith. University of Edinburgh, Edinburgh
EH9 3JQ, United Kingdom.
Mouse embryonic stem (ES) cells are derived from the pluripo-
tent epiblast population that normally persists only transiently in
the early embryo. ES cells are maintained in an undifferentiated
pluripotent state via the action of cytokines of the leukemia
inhibitory factor (LIF) family. These cytokines act through the
gp130 cell surface receptor. Cytokine signaling is not required
during the normal schedule of early embryonic development.
However, a rationale for the responsiveness of mouse ES cells to
gp130 cytokines is provided by the discovery of a cryptic physio-
logical role for gp130 signaling in the epiblast. Gp130 function
becomes critical if the embryo is required to delay implantation
and the developmental time course is suspended. In this state of
diapause, extended survival of the undifferentiated epiblast com-
partment is absolutely dependent on gp130. The choice between
self-renewal and differentiation of a pluripotent stem cell appears
to be governed by a finely poised network of conflicting signals.
s of reproduction in any form reserved.
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290 Developmental Biology Volume 235, 2001Analyses of signal transduction machinery in ES cells reveal that
self-renewal is promoted by: (i) activation of the latent transcrip-
tion factor STAT3 and (ii) suppression of the Erk family of
mitogen-activated protein kinases. In this light we are investigat-
ing whether ES cells possess an intrinsic mechanism for restricting
activation of the Erk pathway.
538. Progenitors and Differentiated Progeny of Pancreatic Islet
Lineages Derived by in Vitro Differentiation of Embryonic
Stem (ES) Cells. B. W. Kahan, L. M. Jacobson, K. Lang, D. A.
Hullett, and J. S. Odorico. Department of Surgery, Division of
Transplantation, University of Wisconsin–Madison, Madi-
son, Wisconsin 53792.
In the mammalian embryo, pancreatic islet cells develop
hrough the stepwise commitment of foregut endoderm that is
haracterized by the regulated expression of pancreas lineage-
pecific transcription factors and by the early synthesis of marker
roteins, such as peptide YY (PYY) and islet amyloid polypeptide
IAPP). However, the precise phenotype of the putative multipo-
ent islet progenitor cell is not known and the direct lineage
elationship of the four islet cell types is poorly understood. We
ave recently described the differentiation of each of the four
ormone-producing islet cell types from murine ES cells in culture.
n the present study, we investigated whether cells expressing
ome of the features of islet progenitor cells are present in ES cell
ultures. We monitored differentiating ES cell cultures for the
ppearance of cells expressing various pancreatic markers using
uorescence confocal microscopy. Murine D3 ES cells were differ-
ntiated as EBs for 7 days and then cultured on plastic for varying
eriods of time for up to 6 weeks. Precursor markers included
DX1, PYY, and IAPP, and the hormone markers examined were
nsulin, glucagon, somatostatin, and pancreatic polypeptide. Cells
ypical of islet precursor cells coexpressing PDX1 and PYY, PYY
nd IAPP, and glucagon and PYY were identified in mouse ES cell
ultures. These cell populations began to appear approximately 2
eeks postplating, presaging an increase in the frequency of
APP-staining b cells. The observation that ES cells differentiating
nto pancreatic islet cells go through time-dependent stages resem-
ling islet progenitor cells affords the opportunity to analyze
mportant aspects of pancreatic islet development and the potential
o induce the expansion and directed differentiation of these early
rogenitor cells.
39. The Mrx.1 Gene Is Required for Development of the Early
Mouse Embryo. H. Liu,*,† M. Wakamiya,‡ S. Chou,† H.
El-Hodiri,† M. Jamrich,*,† R. Behringer,*,‡ K. A. Mahon.*,†
*Program in Developmental Biology, †Department of Mo-
lecular and Cellular Biology, Baylor College of Medicine; and
‡Department of Molecular Genetics, University of Texas
M. D. Anderson Cancer Center, Houston, Texas 77030.
The molecular mechanisms underlying mammalian endoderm
determination are poorly understood. However, genes that play key
roles in endoderm formation, such as the homeobox gene Mix.1,
have been identified in Xenopus. We employed an RT-PCR strategy
to clone a Mix.1-related homeobox gene, Mrx.1, from early mouse
embryonic RNA (E7.0). The Mrx.1 gene is dynamically expressed in
the primitive streak during gastrulation. Initially broadly ex-
pressed, Mrx.1 becomes progressively restricted to the posterior
streak at later stages. Like Xenopus Mix.1, overexpression of Mrx.1
in the marginal zone of Xenopus embryos leads to repression of an
early mesodermal marker, Brachyury (Xbra), and activation of an W
Copyright © 2001 by Academic Press. All rightendodermal marker, endodermin (edd), at the early gastrula stage.
These results strongly suggest that mMrx.1 shares functional
similarity with Xenopus Mix.1 and may play an important role in
ouse endoderm determination. To study this, we generated a null
llele of Mrx.1 by gene targeting. The mutant embryos exhibit
evere developmental defects and die by E9.5. Mutants show
elayed development and have a severely reduced embryonic axis.
y contrast, the allantois is disproportionately large, suggesting
hat extraembryonic mesoderm may be produced at the expense of
ther embryonic lineages. Mutants have prominent neural folds
nd fail to develop a gut or heart, although heart mesoderm
recursors are present. Further phenotypic and molecular charac-
erization of these mutants is currently under way.
40. Neural Crest Stem Cells and Peripheral Nervous System
Development. S. J. Morrison. University of Michigan, Ann
Arbor, Michigan 48109-0934.
Neural crest stem cells (NCSCs) give rise to various types of
eurons and glia in the peripheral nervous system (PNS). To study
he role of NCSCs in PNS development, we developed the ability to
rospectively identify, and purify by flow cytometry, postmigra-
ory NCSCs from fetal sciatic nerve. As a result we discovered that
CSCs persist into late gestation by self-renewing within periph-
ral nerves. This suggested that NCSCs and PNS development are
ore dynamic than previously thought. To extend these studies
y laboratory has recently asked two questions. First, is the sciatic
erve unique in supporting the persistence of NCSCs into late
estation or do NCSCs persist in other regions of the PNS as well?
econd, do NCSCs persist postnatally? In fact, NCSCs do persist
idely throughout the late gestation PNS. We can now prospec-
ively identify and purify NCSCs from the gut as well. This allows
s to investigate the generation of neural diversity by comparing
he properties of NCSCs at the same time in development in two
ifferent regions of the PNS, where different types of progeny are
enerated. In fact there are cell-intrinsic differences in the proper-
ies of NCSCs in the gut and sciatic nerve that change the way
hese cells respond to their environments. We believe that the
eneration of neural diversity is driven by combinatorial interac-
ions between different classes of neural stem cells and the differ-
nt environments that they encounter. Finally, not only do NCSCs
ersist into late gestation, but they persist postnatally as well. This
as potentially important implications for promoting regeneration
fter PNS injury or disease.
41. Abstract #541 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
42. Cloning Mice by Nuclear Transfer. Peter Mombaerts. Rock-
efeller University, 1230 York Avenue, New York, New York
10021.
Cloning allows the asexual reproduction of selected individuals
uch that the offspring have an essentially identical nuclear ge-
ome. Cloning by nuclear transfer has thus far only been reported
ith freshly isolated cells and cells from primary cultures.
akayama et al. previously reported a method of cloning mice
rom adult somatic cells following nuclear transfer by microinjec-
ion. We have applied this method to clone mice from widely
vailable, established embryonic stem (ES) cell lines at late passage.
ith the ES cell line R1, 29% of reconstructed oocytes developed
s of reproduction in any form reserved.
291SDB Meeting Abstractsin vitro to the morula/blastocyst stage, and 8% of these embryos
developed to live-born pups when transferred to surrogate mothers.
We thus cloned 26 mice from R1 cells. Nuclei from the ES cell line
E14 were also shown to direct development to term. We present
evidence that the nuclei of ES cells at G1- or G2/M-phases are
efficiently able to support full development. Our findings demon-
strate that late-passage ES cells can be used to produce viable
cloned mice and provide the first link between the technologies of
ES cells and animal cloning. We have derived 35 ES cell lines via
nuclear transfer (ntES cell lines) from adult mouse somatic cells
representing inbred, hybrid, and mutant strains. ntES cells were
differentiated prescriptively in vitro into dopaminergic and seroto-
nergic neurons and contributed to an extensive variety of cell types
in vivo, including germ cells. Cloning by transfer of ntES cell nuclei
could result in normal development to fertile adulthood. These
studies demonstrate the full pluripotency of ntES cells and provide
the foundation for therapeutic cloning.
543. Bat Molecular Embryology: Comparative Studies of Mamma-
lian Limb Development. R. R. Behringer, C. J. Cretekos, and
J. J. Rasweiler, IV. University of Texas M. D. Anderson Cancer
Center, Houston, Texas 77030.
Bats are the only mammals that are capable of sustained flight.
During evolution, the forelimbs of bats have been modified specifi-
cally for flight. These modifications include elongation of the
finger and forearm bones and development of a very thin skin
membrane between the fingers, along the sides of the body and
between the legs and tail (the wing membrane). The forelimbs of
bats are dramatically patterned along the anterior–posterior (A-P)
axis. In contrast, their hindlimbs lack this A-P patterning perhaps
because they primarily serve a role in roosting not flying. We are
pursuing molecular embryological studies of the bat, initially
focusing upon the paradigm of limb development. We have chosen
to study the short-tailed fruit bat Carollia perspicillata, perhaps the
most abundant mammal in the New World tropics. This small
fruit-eating bat breeds seasonally and embryos of specific stages are
easily collected from the wild. In addition, Carollia is easily
maintained in the laboratory for the establishment of timed mat-
ings. We have generated molecular tools to study Carollia includ-
ing genomic and limb stage embryonic cDNA libraries. In addition,
methods to visualize RNA, protein, and the developing skeleton
have been established. Our goal is to identify genetic differences
between mammals that regulate morphological diversity. We hy-
pothesize that one of the mechanisms that regulate organ diversity
is differential gene expression. To test this hypothesis we are
exchanging transcriptional regulatory sequences of limb-specific
genes from bats to mice using embryonic stem cell and gene
targeting technologies.
544. Development of the Turtle Shell: Osteogenesis of an Evolu-
tionary Novel Structure. G. A. Loredo, A. C. Burke, M. P.
Harris, E. E. LeClair, J. F. Fallon, R. S. Tuan, and S. F. Gilbert.
Thomas Jefferson University, Philadelphia, Pennsylvania;
Wesleyan University, Middletown, Connecticut; DePaul Uni-
versity, Chicago, Illinois; University of Wisconsin, Madison,
Wisconsin; and Swarthmore College, Swarthmore, Pennsyl-
vania.
The turtle shell is an evolutionary novelty that is synapomor-
phic for chelonians. The carapace is initiated when the ribs are
entrapped by the carapacial ridge (CR), a lateral bulge of the dorsal
ectoderm and dermal mesoderm. The mechanisms by which the
Copyright © 2001 by Academic Press. All rightCR is initiated, the ribs entrapped, and the dorsal dermis ossified
remain unknown. Similarly, the formation of the plastron remains
unexplained. We document the ensnarement of the ribs and the
formation of the dorsal and ventral shell bones by intramembra-
nous ossification in the red ear slider Trachemys scripta and the
snapping turtle Chelydra serpentina. Dermal ossification centers
are initiated around each rib, suggesting that the ribs organize
dermal ossification by secreting paracrine factors. The nuchal
ossification center is complex and appears to involve multiple
bone-forming regions. Individual ossification centers at the periph-
ery of the carapace form the peripheral and pygial bones. The
ossification of the plastron proceeds from nine distinct centers, and
there appear to be interactions between the spicules of apposing
centers. It has been suggested that the carapacial ridge might be
formed by the recruitment of genes used in forming other parts of
the body, specifically the limb bud. The expression of fgf10 (but not
fgf8) is detected in the early carapacial ridge, suggesting that this
paracrine factor is involved in the initial extension of this region.
Since Fgf10 is also a chemotactic factor, we are investigating
whether it can direct rib precursor cells into the carapacial ridge.
545. The Genetic Basis of Morphological Evolution in the
Threespine Stickleback (Gasterosteus aculeatus). K. Peichel,
K. Nereng, K. Ohgi, P. Colosimo, B. Cole, and D. Kingsley.
Department of Developmental Biology and Howard Hughes
Medical Institute, Stanford University School of Medicine,
Stanford, California 94305-5329.
We are interested in identifying the genetic and molecular
changes that underlie vertebrate evolution. The threespine stick-
leback (Gasterosteus aculeatus) is a small teleost fish that is
abundant throughout the Northern hemisphere and has been
intensively studied for its unique behaviors, ecology, and morpho-
logical adaptations to different environments. Freshwater popula-
tions of sticklebacks have evolved repeatedly in separate lakes and
streams created by the widespread melting of glaciers 10–15,000
years ago. These recently derived populations display an amazing
diversity of morphologies and behaviors, yet can still be crossed in
the laboratory. To map and identify the genes underlying this rapid
evolution, we first created a genome wide linkage map of the
threespine stickleback. Crosses between distinct morphological
forms show that many important evolutionary changes in defen-
sive armor and feeding morphology can be mapped to major loci.
We are currently using this system to determine how many genetic
changes underlie the evolution of new traits, what genes are likely
to be involved, and whether evolution uses the same or different
genes when similar traits evolve in different geographical locations.
546. Trichome Genes Affect Stomatal Pattern. J. L. Croxdale,* G. J.
Bean,* M. D. Marks,* M. Clayton,* and M. Hu¨lskamp.‡
*University of Wisconsin, Madison, Wisconsin 53706; †Uni-
versity of Minnesota, St. Paul, Minnesota 55108; and ‡Uni-
versita¨t Tu¨bingen, D-72076 Tu¨bingen, Germany.
Stomata and trichomes are two specialized cell types found on
the epidermis of Arabidopsis. During leaf development trichomes
form first, and then stomata arise within the trichome array. To
ensure proper distribution of stomata, cells essential for gas ex-
change, communication between the trichome and stomatal path-
ways seems likely. To investigate whether this communication
occurred, we studied the effects of two trichome genes on stomatal
pattern. GLABRA 1 (GL1) and TRIPTYCHON (TRY) have been
shown to play opposing roles in the development of trichomes. GL1
s of reproduction in any form reserved.
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292 Developmental Biology Volume 235, 2001promotes trichome formation, and its mutants lack trichomes,
whereas TRY limits trichome initiation, and its mutants develop
lustered trichomes. Stomatal pattern on try240, gl1-1, and wild-
ype (Nossen) cotyledons was assessed using spatial statistics; the
attern was ordered in all genotypes at early stages of development,
ut then diverged. In WT, the stomatal pattern became random at
aturity, whereas in try240 the pattern became clustered at
aturity. The gl1-1 mutants retained an ordered pattern of stomata
hroughout their development. RT-PCR analysis of gene expression
howed that in WT, GL1 is expressed in both young cotyledons and
eveloping leaves, while TRY is expressed only in the leaves. These
ndings indicate that GL1 and TRY are not specific to the trichome
athway, but qualitatively affect stomatal pattern even in cotyle-
ons which themselves have no trichomes. Our findings indicate
hat these genes are members of a gene cassette responsible for
atterning the leaf epidermis.
47. Abstract #547 will be presented as scheduled, but the abstract
cannot be published due to lack of license agreement between
authors and publisher.
48. The Influences of Bacteria on Postembryonic Animal Devel-
opment. M. J. McFall-Ngai. University of Hawaii, Honolulu,
Hawaii 96813.
Natural selection has resulted in the evolution of an array of
evelopmental programs in animals and plants that render these
rganisms fit for their interactions with the environment. Despite
his critical interplay between development and the environment,
istorically the field of developmental biology has focused princi-
ally on the interactions among the cells of an animal or plant
uring its embryonic development, a time when intimate interac-
ion with the environment is often relatively limited. However,
ollowing embryogenesis, animals and plants must interface di-
ectly with their environments. This interaction results in the
nduction of a series of subsequent developmental programs that
hepherd an organism through the remaining stages of ontogeny.
nlike embryonic programs, which are most often genetically
hardwired,’ many of the developmental events of these later
rograms actually require induction by environmental cues. This
ymposium presentation will focus on the cues provided by the
iotic components of environment. An emphasis will be placed on
he role played by the nearly ubiquitous, coevolved, host–bacterial
ssociations in postembryonic animal development.
49. A Developmental Role for the Immune System in Urochor-
date Metamorphosis: Molecular and Morphological Investiga-
tions of Ascidian Metamorphosis Reveal Elements of an
Innate Immune Response. B. J. Davidson and B. J. Swalla.
University of Washington, Seattle, Washington 98195.
We have isolated transcripts differentially expressed during
etamorphosis in the ascidian Boltenia villosa by suppressive PCR
ubtractions of staged cDNAs. These differentially expressed
RNA transcripts include a set which match vertebrate innate
mmunity genes. Innate immunity is the primitive counterpart to
daptive immunity and is conserved across the bilaterians. Innate
mmune responses include inflammation and complement activa-
ion. During ascidian metamorphosis there is a migration of blood
ells across the epidermis. Our results indicate that this migration
an be considered an innate-immunity-related inflammatory re-
ponse. Careful observations of Boltenia metamorphosis has led to a
Copyright © 2001 by Academic Press. All righthe detection of a group of mesenchymal cells which migrate
hrough a tube connecting the anterior epidermis to the outside of
he juvenile tunic. The function of this extrasomatic migration is
urrently under investigation. Innate immunity confers a rapid
esponse to pathogen-specific molecules. Therefore, an innate
mmune response during Boltenia metamorphosis may trigger
nd/or coordinate settlement in response to bacterial cues. Alter-
atively, innate immunity during metamorphosis could be in-
olved in phagocytosis and restructuring of larval tissues. We are
urrently conducting experiments to explore both of these hypoth-
ses. We are also interested in exploring the possibility that the
nnate immune system in vertebrates may have a related develop-
ental role.
50. New Perspectives of the Origin of the Chordates. B. J. Swalla.
University of Washington, Seattle, Washington 98195-1800.
The origin of the chordates has been a mystery that has been
tudied intensively for over 100 years. Recent urochordate and
emichordate molecular phylogenies from our laboratory suggest
hat the deuterostomes are divided into two large clades. One clade
onsists of the chordates, including urochordates, cephalochor-
ates, and vertebrates. The other clade contains echinoderms and
emichordates. This deuterostome phylogeny is supported by
itochondrial data and the similiarity of larval development
ithin each clade. However, between the clades, the larvae develop
ramatically differently, as seen by morphological, developmental,
nd genetic data. When all of the recent developmental and
hylogenetic data of the past years are considered, most of the old
heories of chordate origins are likely to be incorrect. We suggest a
ovel interpetation of the data, that the deuterostome ancestor was
small, soft-bodied worm with pharyngeal gill slits that did not
ossilize, although they were collagenous. The chordates then
volved from such a worm with a direct-developing embryo. We are
urrently working to test these hypotheses by examining the
enetic pathways underlying larval development in the urochor-
ates and hemichordates.
51. The Logic and Mechanisms of Axon Guidance. M. Tessier-
Lavigne. Howard Hughes Medical Institute, Department of
Anatomy and Department of Biochemistry and Biophysics,
University of California, San Francisco, California 94143-
0452.
Neuronal growth cones navigate over long distances along spe-
ific pathways to find their correct targets. The mechanisms and
olecules that direct this pathfinding are the subjects of this
resentation. Growth cones appear to be guided by at least four
ifferent mechanisms: contact attraction, chemoattraction, con-
act repulsion, and chemorepulsion. Evidence is accumulating that
hese mechanisms act simultaneously and in coordinated fashion
o direct pathfinding and that they are mediated by mechanistically
nd evolutionarily conserved ligand–receptor systems. This presen-
ation will focus particularly on three families of guidance cues: the
etrins, the semaphorins, and the slits. All of these proteins appear
o be bifunctional, having attractive effects on some axons and
epulsive effects on others. The functions of these proteins in
irecting particular guidance events in the developing mammalian
ervous system will be discussed, as will the receptor and signal
ransduction mechanisms through which they produce their attrac-
ive and repulsive effects on growth cones. The analysis of signal
ransduction mechanisms has provided evidence recently that
ttraction and repulsion are closely related at a mechanistic level,
s of reproduction in any form reserved.
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293SDB Meeting Abstractsas attractive responses can be converted to repulsive responses—
and vice versa—by simple manipulations of signaling pathways.
The picture that is starting to emerge from these studies is that the
growth cone must contain within it a macromolecular machine
that is similar to the engine of a motor car, capable of functioning
in forward or in reverse, with different cues capable of accessing
different states of the machine and different modulators capable of
flipping the machine from one state to the other. Some recent
advances in identifying components of this growth cone machine
will be discussed.
552. Circadian Expression of clock, bmal1, and per1 during Ze-
brafish Embryogenesis. H. Wang and J. H. Postlethwait. Insti-
tute of Neuroscience, 1254, University of Oregon, Eugene,
Oregon 97403.
Circadian rhythms, biological rhythms with a period of approxi-
mately 24 h, evolve from the adaptation of life to daily light/dark
(LD) and temperature cycles on the Earth. The molecular mecha-
nisms of circadian clocks appear to be conserved among major
phyla. Less attention, however, has been given to the molecular
mechanisms that regulate circadian rhythmicity in fish. Does
zebrafish have homologous circadian clock genes? Does the similar
negative transcription/translation based feedback loop that works
in other organisms also control zebrafish circadian clock? Using in
situ hybridization, we show that zebrafish homologues of circadian
clock genes, clock, bmal1, and per1, are rhythmically expressed in
a robust fashion during embryogeneis. It appears that clock and
bmal1 oscillate synchronously, and clock and bmal1 oscillations
re antiphasic to per1 oscillation. To test whether the similar
egative transcription/translation-based feedback loop that works
n other organisms controls zebrafish circadian clock, we perturbed
LOCK:BMAL1 heterodimer by knocking down BMAL1 transla-
ion using antisense morpholino oligos. In comparison with that in
ninjected embryos, expression of clock and per1 is significantly
ttenuated in bmal1 morpholino oligo nucleotide-injected em-
ryos. Taken together, it appears that zebrafish has evolved an
mbryonic circadian clock, which is likely controlled by the
onserved negative transcription/translation based feedback loop.
This study is supported by NIH Grant R01RR10715 to J.H.P.)
53. Screens in Zebrafish for Genes Related to the Cell Cycle and
Cancer. L. I. Zon. Howard Hughes Medical Institute, Chil-
dren’s Hospital, Boston, Massachusetts 02115.
The zebrafish is a powerful developmental and genetic model
ystem for understanding normal embryogenesis. Our laboratory
as previously focused on understanding hematopoiesis in the
ebrafish, characterizing mutants that are models of human disease
nd isolating several novel genes required for blood formation. We
ave recently developed the zebrafish system as a model for
nderstanding cancer biology. Cancer is a disorder of cell prolifera-
ion. In an effort to find genes involved in normal cell proliferation,
e undertook a screen for mutants that had abnormal mitosis,
sing the antibody against the phosphorylated form of histone H3.
e derived seven mutants with defects in cell proliferation,
ncluding ones with arrest in G1 and arrest in G2, as well as
ndoreduplication. These mutants have been mapped to respective
hromosomes and we are in the process of isolating the respective
enes. The mutants are characterized by extensive apoptosis and
he endoreduplication mutants have cytokinesis defects based on
ubulin staining. The analysis of the mutants includes a carcinogen-
sis assay. Heterozygotes are soaked in 7,12-dimethylbenzanthracene
Copyright © 2001 by Academic Press. All rightDMBA) (doses 1.0, 2.0, 5, and 10 ppm) and N-methyl-N-nitro-N-
itrosoguanidine (MNNG) (doses 0.5, 1.0, 2.0, and 3.0 ppm) for a 24-h
eriod, placed into fresh water, and raised to adulthood, and an
valuation of tumors is made. At least two of the mutant lines have a
ubstantial incidence of tumors. The use of the zebrafish system will
ccelerate our understanding of how vertebrate embryonic cell prolif-
ration problems relate to cancer.
54. Delta3 Mutational Analysis in Mouse Defines the Develop-
mental Origins of Skeletal Dysplasia in Spondylocostal Dys-
ostosis. Sally Dunwoodie,*,† Mel Clements,* and Rosa Bed-
dington.* *National Institute for Medical Research, London,
England; and †Victor Chang Cardiac Research Institute, Syd-
ney, Australia.
The Notch signaling pathway is required for specification of cell
fate. In mouse, mutant analysis demonstrates a pivotal role for
Notch signaling in developmental processes as diverse as neuro-
genesis, somitogenesis, and vasculogenesis. Mutations in Notch
signaling components are associated with diverse human disorders
including T-cell acute lymphoblastic leukemia/lymphoma
(NOTCH1), CADASIL (NOTCH3), Alagille syndrome (JAGGED1),
and spondylocostal dysostosis (DELTA3). Spondylocostal dysosto-
sis (SD, MIM 277300) is characterized by multiple hemivertebrae
with rib fusions and deletions and nonprogressive kyphoscoliosis.
These defects are like those in Delta3 homozygous null mutant
mice generated by gene targeting. Using these null mutants as a
model for SD we have analyzed the skeletal abnormalities in detail
and have defined the developmental origins of these defects. The
axial skeleton is highly disorganized with the vertebral centra lying
in rows of 2 and 3 rather than a column, and the dorsal root ganglia
and spinal nerves are disorganized having lost their regular period-
icity. These defects can be attributed to abnormal somitogenesis.
Somite formation is delayed and irregular and molecular analysis
suggests that this is attributable to the loss of cyclical gene
expression that is normally present in presomitic mesoderm. In
addition, somitic mesoderm lacks correct anteroposterior polarity.
We also compare Delta3 and Delta1 and show that they elicit
distinct downstream responses to Notch signaling during somito-
genesis.
555. The Zebrafish Mutant Violet Beauregarde Exhibits Abnormal
Cranial Blood Vessel Development Due to a Lesion in alk1,
the Gene Responsible for Human Hereditary Hemorrhagic
Telangiectasia Type II. Beth L. Roman, Van N. Pham, Sarah
Childs, Arne C. Lekven, Deborah Neubaum, Randall T.
Moon, Mark C. Fishman, and Brant M. Weinstein. LMG,
NICHD, Bethesda, Maryland 20892; CVRC, MGH, Charles-
town, Massachusetts 02129; and Department of Pharmacol-
ogy, University of Washington, Seattle, Washington 98195.
The zebrafish mutant violet beauregarde (vbg) is phenotypically
characterized at 2 days postfertilization by abnormally low blood
flow through the trunk and tail, with the majority of blood
circulating through a limited set of highly distended cranial ves-
sels. Microangiographic studies show that this phenotype cannot
be explained by a posterior blockage and suggest that the abnormal
blood flow pattern might result from persistence of normally
transient cranial vascular connections and/or decreased cranial
vessel formation. However, not all vbg mutants retain primitive
vascular connections, and vbg transgenic embryos expressing GFP
under the control of a vascular-specific promoter exhibit no obvi-
ous decrease in cranial vessel number. Thus far, molecular markers
s of reproduction in any form reserved.
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vasculature, although the molecular basis of this defect has been
uncovered by positional cloning. The vbg gene maps to linkage
group 23 and encodes alk1, a TGF-b type I receptor that is expressed
predominantly in the endothelium of the cranial vessels most
proximal to the heart, which are greatly dilated in vbg mutants.
Thus, vbg provides a model for hereditary hemorrhagic telangiec-
tasia type II, an autosomal dominant disorder in which disruption
of alk1 causes arteriovenous malformations that may result in
hemorrhage or stroke.
556. Activation of Hematopoiesis and Vasculogenesis by Hedge-
hog Signaling in the Mouse Embryo. M. A. Dyer, S. M.
Farrington, D. Mohn, J. R. Munday, and M. H. Baron. Mount
Sinai School of Medicine, New York, New York 10029.
During mouse development, the first blood and endothelial cells
rise from mesoderm induced and patterned by secreted signaling
olecules. We demonstrated previously that specification of theseineages requires a signal(s) secreted from the adjacent visceral
ndoderm (VE). We now show that Indian hedgehog (Ihh) is a
Copyright © 2001 by Academic Press. All rightVE-secreted signal which alone is sufficient to induce formation of
hematopoietic and endothelial cells. As seen with VE, Ihh can also
respecify prospective neural ectoderm (anterior epiblast) along
hematopoietic and endothelial (posterior) lineages. Downstream
targets of the Hh signaling pathway (Ptch1, Smo, Gli1) are upregu-
lated in anterior epiblasts cultured in the presence of Ihh protein, as
is Bmp4, which may mediate the effects of Ihh. Dispersed cells
from IHH-treated anterior epiblasts form primitive or definitive
hematopoietic colonies in secondary cultures in the presence of
appropriate cytokines, indicating that functional hematopoietic
stem cells are produced. Blocking Ihh function in VE inhibits
activation of hematopoiesis and vasculogenesis in the adjacent
epiblast, suggesting that Ihh is an endogenous signal that plays a
key role in the development of the earliest hematovascular system.
Hedgehog genes and protein are expressed by adult mouse and
human bone marrow stromal cells and Ptch1 and Smo are ex-
pressed in hematopoietic stem/progenitor as well as endothelial
cells. Therefore, these findings may have important implications
for regulating hematopoiesis and vascular development for practi-
cal and therapeutic purposes.
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